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WO 2009/ 113828PCT/ KR2009/ 001256 1 1Pepti de Nucl eic

Acid Derivatives with 2Good Cell Penetration and
weksoongssé finity for Nucleic Acid 3 4 5FI ELD GPCT/KR2009/001256

I NVENTI ON 6 7The present inyention relates to peptide

nucl eic acid derivatives 8 chemcally nodified to show

good cell penetration and strong affinity for 9nucleic

acid. 10 11 12BRI EF DESCRI PTI ONS OF DRAW NGS 13

14Fi gure 1 provi des HPLC chromat ograns before and

after puri PeptidenNuicleic Acicb Derivativesewdthphase

HPLC. 16Figure 2 provides a MALDI - TOF nmass spectrum

f@ood Cell tration @&nd Alrogg Affiniy for Nacleic Acid

provi des graphs of absorbance changes with tenperature

for 19 Adiqgo 17 against conplenentary or m smatch DNA

20Figure 4(a) and 4(b) provide confocal m croscopy

i mges (at 63x 2lobjective) 1, 2, 3 and 24h after HelLa

cells were treat edFlELD OF INVENTIORRO i go 2 at
51.1M respectively. 23Figure 5(a) and 5(b) provide
confocal m croscopy images (at 63x 24 objective) 0.5

and t CE-7 .cel | e treate i A .

a1 e FbSin! Tricuf (BTl R B tIRiE a1 Behlébives
chéfidallpr @odifted a6f slel dosd aefiopgn@irgtion emd strofgXaffinity for

270bj ective) 6 or 24h after Hela cells were treated
nugieidha@di go 1 and Aiqo 6 at 2811 AM respectively.

29Figure 7(a) and 7(b) provide confocal m croscopy

pi ctures (40x 30 objective) 24h after JAR cells were

treated with digo 21 and Aiqgo 28 at 31211M

respectively. WO 2009/ 113828PCT/ KR2009/ 001256 2
1Fi gure 7( BRERR DESCRIPIIQNS-OF BRAWINGS copy

pictures (at 40x 2 objective) 24h after A549 cells
were treated with Adigo 21 and digo 28 at 321.1M

respRglfev @l provides HPLC chromatograms before and after purification
of Oligo 17 by reverse phase HPLC.

Figure 2 provides a MALDI-TOF mass spectrum for a purified batch of
Oligo 17.

Figure 3 provides graphs of absorbance changes with temperature for
Oligo 17 against complementary or mismatch DNA.

Figure 4(a) and 4(b) provide confocal microscopy images (at 63x
objective) 1, 2, 3 and 24h after Hela cells were treated with Oligo 1 and
Oligo 2 at 5uM, respectively. '

Figure 5(a) and 5(b) provide confocal microscopy images (at 63x
objective) 0.5 and 1h after MCF-7 cells were treated with Oligo 6 and Oligo
7 at 2.5uM, respectively.

Figure 6(a) and 6(b) provide confocal microscopy pictures (at 40x

objective) 6 or 24h after Hela cells were treated with Oligo 1 and Oligo 6 at

1uM, respectively.

Figure 7(a) and 7(b) provide confocal microscopy pictures (40x
objective) 24h after JAR cells were treated with Oligo 21 and Oligo 28 at
2uM, respectively.
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4Figure 7(e) and 7(f) provide confocal m croscopy

pictures (at 40x 5objective) 12h after HelLa cells were
woe@aties2svi th Aigo 21 and Aigo 28 at 62gM  PCT/KR2009/001256

respectively. 7Figure 7(g) provides confocal

m croscopy pictures (at 40x objective) 824h after HelLa

cells were treated with digo 21 at 2LNA. 9Fi gure

8(a), 8(b) and 8(c) provide confocal m croscopy inages

(40x_10 oty ective) 24h after HelLa, A549, and JAR cells

vver eF'WE?at e andn’/@hi povile gonfagalomigresgeiey jpietuges (at 40x

obfCFVEY 2R B NoR Te IR e o h W SRl 28 qif olid 28 at
Zplwreimédﬂvetyo 10, cotreatnent with the 14oI [ gomars at

5ti M.or 1 , M.e and bl ank (no olig
Cr eaighure %](e)mpﬁg??#}: Arevide re ‘?@é)r'é’é‘é!ﬁ?‘é%ﬁ’)(/é"cmfes (at 40x

obESYES 128 A LBER P BRIy ORGSR 4 O 28 o
2pPA @espentivelyeot | des have been used for di verse_ o

of daaurS JPeRBRETEs BeRcabyhsEORY chiaries dnk A0k Shipctive)
24H'a$E§?Q$éLaCcélBahé(@ ﬁe?ﬁédgﬁﬁﬁ @IEchQal #&NHMo on. Since

240l i gonucl eoti des i nteract equence specific
manrféguie Bte)n&éhlepod a%(cblsprgﬁldeucchnf@sabmcmsaopcp«wmage@y(mx

obBcByEL 246 4o R FNGTE e et FiBEe® Oligo
22srepectd@ipl ecul e drugs, however, oligonucleotides do
not readl |y penetrate 28mammal i an cel | nenbrane,

t herfdg@iee Sharayidesamestarn bhletting dQ$U|E§r &reé/é%sceilgvﬁrmed with
5»&@% 40 Rﬁm%ﬁmr falggﬂ'n gfo g’é 2E5HeLInEFANY the

oI@@n@@/rs’L3188;18436?/1&8&0@9(:}6)(&%Bla&kﬂﬂbwle%dmeasreatmgnt)
Target s: 56 ins nediate diverse cel ﬁr functions.
't ok 10 fofhe errarentalys stiisture dar thed N etgemers of this
inveHEibRNt | y nar ket ed drugs show 3t herapeutic activity
t hrough nodul ating functions of protein(s). For
exanpl e, 4non-steroidal anti-inflammtory drug aspirin
inhibits enzynes cal |l ed 5cycl ooxygenases for its
anti-infl arrmatory activity. Losartan binds to and 6
ant agoni ze fi VP{N recept or
cal | ed angi ot ensi n Pllﬂsrv(;c%gt TION
anti hypertensive activity. ROSI gl i tazone sel ectively

activates 8an_intracellular receptor call ed peroxisonme
pr o|@h@¢ra¥d¢0m@s \aved beeaepsed fpr diverse biological purposes

including antisense inhibition of gene expression, PCR (polymerase chain

reaction), diagnostic analysis by gene chips, and so on. Since
oligonucleotides interact in a sequence specific manner with nucleic acids
such as DNA and RNA, they are quite useful to predictably modulate
biological processes involving DNA or RNA within cell.  Unlike small
molecule drugs, however, oligonucleotides do not readily penetrate
mammalian cell membrane, and therefore hardly affect biological processes
within cell unless properly modified or formulated to readily penetrate

plasma membrane.
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9(PPARy) to elicit its antidiabetic activity.

Et anercept is a fusion protein which 10binds to a
w@ydookidses cal | ed tunor necrosis factor-a ( TNF-BQT/KRR@9/001256

neutralizes 11lthe biologicak activity of TNF-a for its

anti-rheumatic activity. Herceptin is a 12nonocl onal

anti body to treat breast cancer by sel ectively binding

to erbB2 13over-expressed in certain types of breast

cancer cells._14 15 Antisense Inhibition of Protein
Prajeins, asi Brug Targets; dfreteing dnediats divgxse cellular functions. It

- , i .
wollRf figh ¥ LSy ) ol fogt b4 of Pult€aRY T efed, drugs, show
thqma;aetmﬂlRl\léctQ\ptyﬁthreaghngeduraitilmgnf(mi)cﬁb]gs @ipﬂrﬁ:\e}'{r&(s).h@or example,
18 . . The jntron portion(s) 0 re-m is
noaé‘éjrcﬁﬁaﬁmty—'@ﬁﬂme@a?%ut diug y PEPI GRS ( @B2¥mRgercalled
cycrI% Ph&eL 18F i) anttihABmin tbﬁfrhctti(/ﬂ?.SI 9??&%91 tlﬂnﬁ@ to and
t he tosol i c conpartnent. ?n he cytosol, a conplex
antafonizentheafurnctadn »f artrahsmeembranéd eeceptboalied Engistensin I
R d. [ t the protei 22 synthesis as . it .
recBpitNs P isS CRHITRE Hstt el o RoSaUE2nar sr ipri elaastivates
an JAtraBeInnbe Fe&ddthr V@llled LperbRR3mE> HiolifePier-achlsed Re®ptor v
vol 48, 2659-2668, 19885).2_4An ol i'gonucl eot i de bi ndl_ng .
(PPARYh TGt itsr antidiBibetia agtiwbgudtanrerespipisca fusiongproteiniwhich

. call e tisen ol i,gonucl eot i.d AO) . tightly ..
oin8' {4 ARBKER Rl LAY eclov Tatlohn OV Y abHagrufalizes
thebbiolbdiesoaetivityost TNIFeo 26 bAntRridinatid aetlity. APIdiegsien is a

to be present within cell in order to inhibit 28 the
mospstanadjantirodyt to tegajerepstocanaer yosalegtivelyHeinging te erbB2
I ' f.fect the
v e B T el ok R BT (Bl ede’ P o 30
al tered sequence and consequently an altered protein.

1 WD.2 /.113828PCT/ KR2009/ 001256 4. | 1/ 0=p-NN
A_n%igmﬂpﬁ%?ﬁomog i?gotein ynt?'nesis: Proteins are encodeg by DNA

(2-deoxyribose nucleic acid). In response to cellular stimulation, DNA is

transcribed to produce pre-mRNA (pre-messenger ribonucleic acid) in the
nucleus. The intron portioh(s) of pre-mRNA is enzymatically spliced out
yielding mRNA (messenger ribonucleic acid), which is then translocated to
the cytosolic compartment. In the cytosol, a complex of translational
machinery called ribosome binds to mRNA and carries out the protein
synthesis as it scans the genetic information encoded along the mRNA.
(Biochemistry vol 41, 4503-4510, 2002; Cancer Res. vol 48, 2659-2668, 1988)

An oligonucleotide binding to mRNA or pré—mRNA in a sequence
specific manner is called antisense oligonucleotide (AO). AO may tightly
bind to an mRNA and inhibit the protein synthesis by ribosome along the
mMRNA in the cytosol. AO needs to be present within cell in order to inhibit
the synthesis of its target protein. AO may tightly bind to a pre-mRNA in
the nucleus and affect the splicing of the pre-mRNA, producing an mRNA of

altered sequence and consequently an altered protein.
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PMD PNA 1 2 3 Unnatural

A igonucl eotides: Aigonucl eotides of DNA or RNA are
wdsusaesks bl e to degradati on by endogenous nucPE@BER(09/001256

l[imting their 5therapeuticgutility. To date, nany

types of unnatural oligonucleotides have 6 been

devel oped and studied intensively. (C/in. Exp.

Phar macol . Physiol. vol 33, 7 533-540, 2006) Some of

t hemishow ext ended netabaqlic stability conpared 8 to

DNA a NA. Prdyeded abo re chemi cal structu(es B

for sane/ of 9repyegentati N

oI i gonucl eot i des Such ol i onuc:la:e—:\[ld es predict %&9 10
tQ) a co <mant ary, @I ei c ac as DNA or

doe 11Phosp t hi oatQ> [ gonucl i de (PTO e?

Such mal | st r\ugdt ur al ge made PTOQ cpnpar at

resi sant 14 tocplegradatl Qjroby nucl eased, (Ann

Bi ochqm vol 54wvw367 402 va:Iv985) 15Ref | eCt | ng t
structural S|mlar|ty of FATO and DNA they both Ipoorly
16 peoNk rate cepfo menbranenA N nost nemoual i an cel PNA
types. kol .S0me types of 17 cells abundantly

expr essi ng fransporter(s) for DNA, however, DNA and
PTO 18 show good cel | penet ration. System cal | y

Un?%%fylsaf 16 JF TS&.&E? otn%ck g' l&f %Iﬁf-\r ii,grUtISNko are

Ve S Res.

C T 1T VTl na- N urtcy.

sus’t%%bléZOtéEZQﬁgré@&Vc)n 2blyn @mdk@geﬁcmsf anutlebsdse Hirfiting  their
T]ici)lene ratlon invitro, lipofection E 22been
thegaaav ¢ IWilipk adpi dale; m@@mpes Phameetyre OEB%P@&PF'QGS have

e8 heto‘:erv?r v oﬁa%' mr?cfgﬁlmoé(?g@beln }r;,y lt/_gﬁo %/;zgco/apﬂysml vol 33,
53841102 2006) c Sosee of mmos}wvnmmmeﬁmw fabiiy compared
r the anti sense PTOs and vari.ant
to JPNET abdr BB b BandaY kR G BTN oSt U ol some of

repréfértative hmﬂﬁbpgl@é‘ﬁuaééﬁaé’.@ r %ucﬂ%l@ﬂ‘ldc%ofildes predlctably

di seases, and so on Bi ochem stry vol™ 41, 4503-
birgbtp a c@lmplenamarwnwarcm@lasmw\um RNotioss, 533 540

00 antls 5can tes, have, not

beer PR iTets R F P [ B B NE i Wi "8he of
thed etfeedkbaheoR hokq_héllédfﬁx y§en oY esmo MRegli@dPagith Celilfur atom per

penetration, PTO needS"to 7be adm nistered at high

mansyeer oSuchér sipallistieiciieel ehagge mads, BTO Joraparatively resistant
to degradation by nucleases. (Ann. Rev. Biochem. vol 54, 367-402, 1985)

Reflecting the structural similarity of PTO and DNA, they both poorly

naI 500 wiSt, o ne of © rhe backbeﬁe\ phosphat
oxyge o torrs re ed W|t ogul fur aD rslsnoré
y
Y

penetrate cell membrane in most mammalian cell types. For some types of
cells abundantly expressing transporter(s) for DNA, however, DNA and PTO
show good cell penetration. Systemically administered PTOs are known to
readily distribute to the liver and kidney. (Nucleic Acids Res. vol 25, 3290-
3296, 1997)

In order to facilitate PTO's cell penetration in vitro, lipofection has
been popularly practiced.  However, lipofection physically alters cell
membrane, causes cytotoxicity, and therefore would not be ideal for long

term therapeutic use.



O 00 ~N O U M~ W N =

w w 'N N N N N N N N N N = = = = = = = = = =
(el o Ye) oo ~ [e)} (9] RN w N [l o (Ve [0.e] ~ [e)} w H w N [l o

8known to be associated wth dose dependent toxicities

such as increased 9coagul ation tinme, conpl enent
wa@edovaadseon, tubul ar nephropat hy, Kupffer cel | PCT/KR2009/001256

10activation, and immune stgnul ati on including

spl enonegal y, |ynphoid 1lhyperpl asia, nononucl ear cell

infiltration. (Cin. Exp. Pharmacol. Physiol. vol 12

33, 533-540, 2006) 13Many antisense PTOs have been

found to show due clinical activity 14for diseases

wi t HOversthmigast 20 yeaist anbisensen PTOsnandevariangs ofr PTOs have

ool el Aot 5 IDPA Sy 05 ARAL el

diseayay, vaad | so Loh. ¢Blichenrste) ol a4$par303Ml5)wIEI2002 Clin. Exp.
17mani fested due clinical activity in a cer

Pheepacelt ifdbrsier. @lna?.0ad3erlsi20083pavipent af ﬁ%‘? antiﬁemﬁ drug
r?dﬁa{e% avePT e audk ul' b;gééglg” dp the proer pg’q‘g cell
A /5

medscape. coni Vi VAT & 3:7 Accessed 0n
peddtra?®f.9) Inl Stder 20dIScdMmei ﬂweapoantaeﬂmmaat%‘lttbramg\eeds to

i nhibi.tin the synthesi s protein tyrosine
be ATEBisteRb AehiGPTHOR o5 eSS AN s Hiwever, PTOs are

kné\f\}ﬁrﬁp%ét 'a§sc?&$‘de¥ﬂ' M’th' Hofé’ Rfepehdeht %ﬁ?&ﬁ?&ss@% 'a%nin%reased
Opi n . Ther vol 6, 331-336, 2004) 23l

coqudebhmtmm @pnuolarmephcﬂcrtlnatmmu gdmujat empmeepewhy/,o)(upffhe cell

actiatRc o (V3 pnoUpRIAT: (8 RS TRGeD. ymphoid

h @?w 4,1 MRINGnuCkRP! cellMngiftRdticH. - (OUBEN PHarmébol Physbl. vol
Y 586, 200(?)u Wi lcg th ne tDNA ba(ckborfgp| S r?ggatlove )}// Yo

33,051%3'@&9:, 2006) 27 PMD backbone is not charged. Thus the

bi n PR, 2
el eﬂY‘ ag{t}%éﬁg%p S ﬁ%/%%?@ggﬁn{rﬁi E(g l?g%ﬁjéjs? cllnlaal activity
fort drséasé@vsb&] a9sighifieapeiconhitsutidiatirdrat weemiveNorakidney. ISIS-

MRNA. Since PMO.is structurally ver i fferent from
30HMK (iR RS TS 'ig ab%TQ@é@gqg Z@H%W%‘P&Sh‘gﬁaﬁwﬁ hesis of apoB-

100 45 IO PP O 2008, P REE) Brpahditoo anibdmgrsen
mama‘lebteublmjeamhnlcaPaptlwdi}e inual eerctalacpdp(ﬂ%ﬁ@n iaf atherosclerosis
pafithté” ERekboHEY aievde dscauelrentey SRBIEEsTane ahe liver
(wﬁ@'rh@é&.‘é%% co@%éw |dé955(?(§5f3 AARLEsd@ U ﬁe‘%%b Lde®) IsIS-

DNA and al'so sel ectively binds t
llﬁblﬁallsaraenaramgensedﬂ@ @natagl ifhkttunge tl@eaydthe)swprotelrswpsme

56 68 9 t he |b bo f PNA i
phdsghalase 1B ETP1B i Mas hiRd ot Brkraeitie gk o type
II dl%&@sqda’trém@r(cbha@pmwobww% B 388 2094 SI nce
is structurally markedl .;:/@dlfferent fromDNA

woullan P @éph@@@gmd!z@d mPrp llm@pa@ligonumt&ﬁtéw@) the

gani 0 oW ¢a su
ool OB, A S0 BeR0O BB URe mpigeg Wi
phOSpHdarﬁ'H&e Hﬂwe I‘rghBl\lfl‘e af@pe@ﬁ%lyy(/ﬂ@@ﬁtMﬁfr@b/o/ Biotechnol.

I an _cel | E . 12 Drug Delivery Rev
vol\,Z,l %755 >8672906) M% the DNA backbone s negatlvely charged, the
PMO backbone is not charged. Thus the binding between PMO and mRNA
is free of electrostatic repulsion between the backbones, and tends to be
stronger than that between DNA and mRNA. Since PMO is structurally very
different from DNA, PMO wouldn't be recognized by the hepatic

transporter(s) recognizing DNA. However, PMO doesn't readily penetrate



O 0 N o U A~ W N =

w W NN NN NN NN NN R R R, R, R, R, R R,
H O W 00 N O UV A~ W N RFP O W oo N UhlsAE W NN O

13In |l ocked nucleic acid (LNA), the backbone ribose
ring of RNA is l1l4structurally constrained to increase
wo b@obhiisds ng affinity for RNA or DNA. 15 Thus, PCNMAR200801256
be regarded as high affinity DNA or RNA derivatives.
16 (Biochem stry vol 45, 7347-7355, 2006) 17 18
Anti sense Mechani sns: Antisense nmechanismdiffers
dependi ng on types 19 of AOs. RNAse H recogni zes a
dupl ex of mMRNA with DNA, RNA, or PTO 20 and degrades
cell merdbpinex portion of mRNA. Thus, the antisense

o e AT BTG Y R Y BN
arriigd eyl gy cimeNfs whd inRNBackBYAe, and M?é% dllsﬁo‘ﬁérbdrby/\N élsen and
23 PMO, PNA and LNA nust reld/O purely on the ste

CO'ﬂﬂac%lr@iSnésﬁﬁ'"#RNR' 204, 24X ntd alﬁ?ls)enb'gea@Np\uaWi RNA PNA

t
oSk IEER e, R R A W, 1 ggaon vo
36571-'\‘586 58801992 hbokedP M2 1thé Chraeklsdmavcﬁtl?m ae moan:lhas@fd:e Thus

theBindnatherbeBre Nang0d SR tses ke Bong angermiiap gt between
DNERAd! FéNASdgﬁic%eﬁfo\ s ﬁﬁk‘t&%ﬂ?‘?gé’r“kgbwgaaffe &% fBm DNA, PNA

Antisense Activity o |n|tyo
wolulgin'triiiAregoginizedil byictheabepatic traaspemgt(s) efcogiring DNA, and

woB R ER5a et RRBURsb Pde el leiaicBom fhah of, YA or

PTENAHeQRSET, PR QIR aoélrlyqv EnetRfé L AffnfralibA’ dllahghibrahe 2(Adv.
PNA. There were cases that the antisense acti Vi ty of

Dregulelivach Eavived 53, dXi8In2008) vity at 12 to 13-ner and

7503 aBE5e BRI St SN, S8, Bab st Miusel Pnoles, A is
strﬁcmeéllwlcbmsmmﬁewhadre\usé hthE5 birdiAg- aHinityNAsr ROSA NGit DNA,
a certain reflectlngthat t he structural

Thla%cb%léﬁbmayt ;beofregﬂ@qdarage i) rAffinigy sPNA ar RINA 7dariyddives.

4 Sy t %@stry vol 40, 53-64, 2001)
(B/@?Hé/%/ﬁ@/ cases 7%35 7§%§ve en reported to inhibit

protein synthesis 9by ribosonme at m cronol ar |evel
under od, ce] | etratin ndi.tions. 10, (Science
An\tﬁpnge;gaetflamls rll\ggtsengg gﬁﬁé?ﬁ l\%fgr ending on types

of AR33- 71'@5& @Q&co iz&UGl EU%IefS%Cb\dﬁ'\IﬂQ/& chH' DW\ RNm or PTO,
4893- 4902, 2004 wever NAs targeting a 12

andotagyaies éhpahuplemrpm*tlonmfAmRN/é f D) the a;rhtmnse actuvuty of

PT@m isen e te'g%?fleégby ws\%’m 05'8 lar | etHEﬁq §N'°g§ev'a|d0es

noﬂ4eé’dbn|5é3'aﬁéu 049 nmNRmnhaiM(@lm»Nmn@me li§V&ther words,
Nuclei c Aci ds Res. vol 36, 15 4424-4432, 2008) under

oBN#y andf ENA G’WSédﬁB'i pueely.onghe et thlepking of mRNA for
rong 17 -
ety e L
reqtﬂdredllé@rﬁu@@@tﬂd@sﬂw&emh@ same binding affinity for mRNA, PTO
should therefore show stronger antisense activity than PMO, PNA, and LNA.
For steric block AOs such as PMO, PNA, and LNA, strong affinity for mRNA is

desired for antisense activity.

Antisense Activity of PNA: The binding affinity of PNA for mRNA would

increase as the length of PNA increases to a certain point. However, the
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18 activity. Unlike DNA, PTO and LNA, the backbone of

PNA i s not charged. 19 PNA tends to aggregate and
whemomessbess suitable for binding to nRNA as 2PCT/KR3002801256

increases. It is desired toyinprove PNA' s binding

affinity for mRNA 21 without increasing the I ength of

PNA. I ncorporation of PNA nononers with 22 a point

charge woul d be beneficial in preventing PNA from

aggregating. 23 24 Cell Penetration Strategies for
antenseragt iy ooh ENA agsny ﬁ@@ﬁétteaalwau%umcrggseréﬁbti’r@nl@ngth of

PNAND 15 %}Q g»%ré‘ h&\ﬁ’egoﬁ‘{atam ' saﬂ%@ns%ma i blg)y #EP?\F‘AQ' reached the

proper rans S A early y car e antisSense
maxahuri hytmty RRAL 2vas B3sesisadd bdec&é’me(sr thareaftéd ¢NVucleic acids

Sci e VO 1-85, 1992 r el ectropaoration 28
Re% Bvek %&4%4382 ié%%s n7§5®)0t%901'yan<i¢1 egamﬂr@c@naﬁﬁnse
rqaqi s a t
B, SR FRRRRE] P (8 38 PO PRS2 0ainge BRI RN,
reflerrpnngaththecstrUctmaIeBce&ssmmhtyvefr rtbejstaegetabﬂrgjneg sh'aavef the

o805 BB il LA L ol >
200%1#138 &%@Eé Wﬂ@%@@lt?e“e@m %ﬂor@&% |Hﬁib|t7 rdtéin Z?rztheSIS

have been effectively delivered nto ce
by be@memt ngicraroolasolexel oimdef gend gednpenetratigg conditions.

(st S8 21 SRS CReng e Bttty el adn 75307859, 2001

Nl sidntResy vaNB S 48930abe71 2004) Vﬂové@«er53*l\% targeting a
2001), lipofection of PNAs with a coval ent 1 y

highly asersgide pasiin of dﬂ'ﬁ@A(‘N@Eﬁ tundate ébomgntlmsesazctlwty at
su@@ﬁ% gFay é\?é? )\ﬁegéop \%Io& @IGP% c‘F e:?/gc/éem/stry vol

covalen osp onate ani ons
40,63 =1, ROO1) «worl evdh att48B-dakrinola00éyel (Wui’/@o Axids Resovol 36,

44fclhf 863%; PEOBEVRES S68H trrlerdinmeaRtR0% B ocon] ugat e
1
€h gealt%&heny}% %ﬁ@n ggr%éhﬁlr (a;ﬁ\‘lggglﬁ?@ éfecclllgr ,ng ong

as 11 tetr honi el c
binzting byl 86 BNA Gorlin RIANewasld Hed eary, requo’edafoccgmjcbantlsense

actig nLPPke IINAR Gt R LA bR R eBEREat BN 41 Aot harged.

PNﬁefénd%ef@téggPé@e arid b@cBﬁ‘féslé%tsﬂltﬁb@V&J Bmdlr){g fo mRNA as
At t ached

penetrating peptides a‘% are
its sizeyinspras@ss Ehsvdesgegot@dlmprovepehlétsr btndmrg nithdoe MRNA

i o83 VEnd B B BT BN s v

a poinethigigerwolNdSoé eplkfiaial o aéweﬁﬁhEmNAlfmla ragdtﬂ t
have been 19 discovered. CPPs are known to eftficientTy

carry a covalently attached cargo 20 into cell. PNAs
Ceg_fgllséhéigmig_ﬁl ﬁ?ﬁ%g% tli%? hﬁql Aﬁl@#\i@o\?\d ngﬁﬁgag%g?eg%ﬂate cell
mentbrankeedndPResbloved show poor antisense activity unless properly
transfected. In early years, the antisense activity of PNA was assessed by
microinjection (Science vol 258, 1481-85, 1992) or electroporation
(Biochemistry vol 40, 7853-7859, 2001). Microinjection and electroporation
are invasive and inappropriate to be applied for therapeutic purposes. In
order to improve the cell penetration, various strategies have been
developed. (Adv. Drug Delivery Rev. vol 55, 267-280, 2003; Curr. Top. Med.
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23 antisense | C50s around 100nM ( Neur opepti des vol 38,
316- 324, 2004), 24m cronolar antisense |C50s are
wo adobai3sps eval ent for such PNAs. 25PNAs wi t h aPCT/KR2009/001256
covalently linked CPP are cenposed of two portions,
the 26 hydrophobi c PNA domain and the positively
charged CPP domain. Such a 27 PNA tends to aggregate
and be trapped in endosonmes within cell, and 28woul d
not be_available for the antisense inhibition of
Chempvel A é9htheds2807) curr 29 Top. Med. Chem vol 7,

30 30085 %%&‘ﬁ% P Frelf | M, oL pgrovalent

incbgpatayionnof eallegendteatiiy ipeptidey ( a\féumpbpt/dés IVblAaf&pr316 324,

2009/.113828 / KR2009/.001256 Wit
ZO%IR%?C kfgaﬂwmgrw@ﬂ%? EMRRR \attheﬁpqognp@mentary DNA
(B/b@/sm @ﬁva| 3ehigRkas %ﬁ;tHﬁé‘FecE?BntBte FROKS bﬂ%bé)%vgfently

2-am no gl ycine (Aeg). For 4 exa e aqueous
attacdhadbi 91amnoﬁchNAew(aNusﬁegn iAdidanRésy voipBé]yelB%yZBOG 2004),
bone o

o LAETERE TS S PISTRIG Lt BSShIRa, S, i
Aclls. REgl. voE”SEEJ 44044853, 3668); 4Rd1so 1)9\96)Als76336ellrt§ér%#5?cld?gwas

t he backbone of L-(2-am no-2-methypethyl-glycine in
imprioyed &y Atigchinge toi RbiAng dipfoiphile y msfiefyNaue rasawdaanantane

B/g{'\}?)yg?gfqigg@éﬂ(ﬁ@niby?gfgﬁr %@ﬁg @ %%pﬁﬁhi?%lwutphsuch as
tetddpreiny | plesdpHordlime i (Mud/éc phAakle ®es. vol 29, 1852-1863, 2001)
2-am noet hyl - gl yci ne showed an i ncrease of 11 19C and

Neye ﬁh@Sﬂ'ﬁq‘LﬁI&a@ ﬁgyalgahqu@mtg}rylsmmn@mtcpgmprease the binding
SRS HARN Ses R BRIRTAR SRS ot e

L(2 amnoZmethyI)ethyI gl yci ne, though. (.1 Am

P E\r/nnglfé é! gvggko Y ﬁisiﬁ’ hlgg_séo @Eﬁéoz egb&zeggg)apégbégptldes (CPPs)

' n
e AL N T A ol LSRR SR P IRIRGA, posie
chargeAe@ontlargmlnﬂmnlyiBme: regiglues 25, T06$ﬂa8e 6@aay QIBBQ) such as

PNAs 1 d t h
trat et ot R b L orn e Bl S FiRRg 2t R peen
dls@@‘;‘éfbéneCPPs ZralnoNa EW'efﬁ%léﬁlSN RBAY H"%b@al@ﬁﬂ?@tt‘&h@@ cargo

have stronger affinity for 'DNA and
mt@o&ﬂbspBNéangntbPraAgozaiemly hattardedofCPP also showed good cell

et hyl -L-argi nine. (Chem Commun. 244-246, 2005)
peé%Wa 10-nmer GPNA with 5 GPNA rmononers wth the

backtitiughl Zomei rRADYWith2SD- edwailentiie é’dﬂ@d’ﬁéd/\/a@Plan showed
increase of 7Cin Tm(nmelting tenperature

aNYsANSE e et aALOUNA %QQﬁMr étyevtopapdices rvogp%%dl 15" 324 2004)
mlétgwagéﬁﬁs%é)cgo% 4 & p%ﬁen%% dreblasvol 16,

PNAs with a covalently linked CPP are composed of two portions, the

hydrophobic PNA domain and the positively charged CPP domain. Such a
PNA tends to aggregate and be trapped in endosomes within cell, and
would not be available for the antisense inhibition of protein synthesis. (Curr.
Top. Med. Chem. vol 7, 727-737, 2007, Nucleic Acids Res. vol 33, 6837-6849,
2005) Furthermore, such a covalently attached CPP hardly increases the
binding affinity of PNA for mRNA.
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28A 16-nmer anti sense GPNA agai nst human EGFR- TK was

reported to 29show antitunor activity upon ip (intra
w@edovtioaseml ) administration in athym c 30nude PCT/ER2009/001256

al though the in vitro antisense activity was not

docunented for 31 the antisense GPNA in the prior art.

(WD 2008/ 061091) WD 2009/ 113828PCT/ KR2009/ 001256 10 1

2 PNAs with Modified Nucl eobase: Li ke cases with DNA,

nucl eobase 3nodificati ons have been pursued to inprove

PNA's affinity for nucleic acids. 4PNAs wi th adeni ne

: Pﬂﬁgmfh %ff'htnl?al anaGdéﬂoZHE n%% ;ﬁr%y%ne%ﬁlﬁ@tgdté ftfoduce a

chifalbstbstitdéranomithe RPNA- bfdab@rmen@fpzrammo»ﬂwlfgjyddet (Peg). For
elicit an increase of 2.5 - 6C in Tm per,
exgrapleactiiferaqueonscselubiliyi of R way szg;mﬁ%@f@c 4lm;yoved by

gt el PSP ity e i
beifrA fmwgteyvf &mfwya BEA1939-RBAL,
pafS%%sﬁ t;{hﬂ hnt:::;E)Z am rW)hox eno 199{ nate

el 9'?&%3 o8 of h42-amigcy %ﬁ)ﬁ thyl-glycine in

pla%letéToNQ% tfPMCBm@Fh g@fﬁgﬂé f PRA 'f@fr BRA Xngqa@ﬂ%‘ég sigfhificantly

t he 15nucl eoti de e. Nucl eobase
imprqvedari Aoﬂﬂo@@xy?bﬁen@&bzaheoﬁlt@e beckhonedota U-&-gmino-2-

' T Tm, PNA 17

me BBV Cob Rine Tne Pl o0t 1t BN i B cholYesk gPdng ase of

1998 and noet haxyy), pﬁ%iﬁgta%bﬁﬁ)lé&eﬂta?ryt PR A Qe IRINIE € Pl Plectively.
has been terned 9cl anp (O Lett. vol 4,

Sugizoan 4pgBzasgooiRespbwesem, teebe mré@rrtmabntcdam T0mker of

sutgls‘%ﬁuflgl‘?o\f\/hﬁdlt éc i W%%%hﬁgmﬁ-@)ﬁ%a gﬂzﬁl\&? W U, chem.

cytosine rep S

So06-o2-123; a025®di0R6xy2006Nny! } - 22pyrrol ocyt osi ne or
6- {2, 6-di (2- am noet hoxy) phenyl } pyrrol ocyt osi ne were
23eval uated for their affinity for conpl enmentary DNA

Gl by (oF BERSTAR PR el 6! BE g mprove:
by Zﬁobr(oZJraUmg FNAomphepiesywitipyr batkdoreosf 2eamimesethgledrginine
in pRsSioh Ag5 U A Neftear, Vel il BRAE-GE1% AH3) ush PNAS
have been termed '‘GPNA' since they have guanidinium moiety on the
backbone. |

GPNAs with the backbone of 2-aminoethyl-D-arginine were reported
to have stronger affinity for DNA and RNA than the corresponding GPNAs
with that of 2-aminoethyl-L-arginine. (Chem. Commun. 244-246, 2005) For
a 10-mer GPNA with 5 GPNA monomers with the backbone of 2-aminoethyl-
D-arginine there was an increase of 7°C in T, (melting temperature) against
complementary DNA compared to the corresponding unmodified PNA.
(Bioorg. Med. Chem. Lett. vol 16, 4931-4935, 2006)

A 16-mer antisense GPNA against human EGFR-TK was reported to
show antitumor activity upon ip (intra peritoneal) administration in athymic
nude mice, although the in vitro antisense activity was not documented for
the antisense GPNA in the prior art. (WO 2008/061091)
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N Cytosi ne and Mdified Cytosines WO

2009/ 113828PCT/ KR2009/ 001256 11 leval uated for cell
w@eoetitmg on. 2 3 O her Use of PNAs: By tightlBpCcbkrdeoago12s6

to a mcroRNA, PNA can inhifgit the 4regul atory

function of the mcroRNA |eading to an increase in

the 5 expression |evel of the protein(s) directly

regul ated by the mcroRNA. (RNA 6 vol 14, 336-346,

2008) By tightly binding to a ribonucl eoprotein such

as 7 telonerase, PNA can nodul ate the cellular

PNfﬁ 'C\MtEn lﬁgggie' egg r N%ggg&‘éggl 8p rlgg%'jen ig)?g(ﬁ( 5&@?;%% idrwé:lqo(pase
malificatRrisathdvepioedr parsdledataungrove RNA' riufifimiey for MiMeieadtids.

nodul ate the transcription 10 | evel of the, gene.
( Bi dOWRRiWth pdgpinesseplaced -waith 26digminapufine pigse evaluated

for, YT YA A, oo L DN, F0E e bE Hisian Wit 26-

diabeineputiabl waf ofounidyhtol8ficitiedn tincaakecdf ahs ok 6P@QYIre T, per

rerlGTY (VBRI ARESRGR Yol v, MO Soa i speci 1 ci ty,
PNA may find 15various other therapeutic and

di agnostic applicatiQns involving DNA or RNA. 16
(FASEB vol 14, 104f-188B0, 2000) (17118 19

RY\OF
| NVENTY 20 Opresent ti ¥ pr e a Ndwel
cl ass PNA @zmsrs 22r sented by Fo al, or
a phfg ceuticall yNaccept abl'E sMfit thereof ¢

wher H 1S aw,@ger eq% or | arger h/l% 5;
WO 2009/ 113828PCT{ KER009/ 0012

i 1;15%0 '}‘/&0 NSo
P . i

Cytosine and Modified Cytosines

PNAs with cytosine replaced with 9-(2-aminoethoxy)phenoxazine were
evaluated for their affinity for complementary DNA or RNA. A single
substitution with 9-(2-aminoethoxy)phenoxazine elicited an increase of 10.7
~ 23.7°C in Tm, although such an increase was markedly dependent on the
nucleotide sequence.  Nucleobase 9-(2-aminopropoxy)phenoxazine also
induced a large increase in Tn. Due to a huge increase in T, PNA
monomer  with  either  9-(2-aminoethoxy)-phenoxazine or  9-(2-
aminoethoxy)phenoxazine as a cytosine replacement has been termed 'G-
clamp’. (Org. Lett vol 4, 4395-4398, 2002) However, cell penetration data
was not reported for PNAs with G-clamp(s).

PNAs with cytosine replaced with either 6-{2-(2-aminoethoxy)phenyl}-
pyrrolocytosine or  6-{2,6-di(2-aminoethoxy)phenyl}pyrrolocytosine  were
evaluated for their affinity for complementary DNA or RNA. A single
substitution with either 6-{2-(2-aminoethoxy)phenyl}pyrrolocytosine or 6-{2,6-
di(2-aminoethoxy)-phenyl}pyrrolocytosine increased Tm by 3 ~ 11.5°C. (L Am.
Chem. Soc. vol 130, 12574-12575, 2008) However, such PNAs were not
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12 1S1, S2, ..., Sn-1, Sn, T1l, T2,Tn-1, and Tn

i ndependently represent 2hydri do, deuterido,
wendpstiiset ed or non-substituted al kyl, or subspet/ERe@9/001256

or 3non-substituted aryl radical; 4X and Y

i ndependently represent hydrido, deuterido, hydroxy,

5substituted or non-substituted al kyl oxy, substituted

or non-substituted 6aryl oxy, substituted or

non-substituted an no, substituted or non-substituted
evatyated foralspenaifattPror non- substituted acyl,

substituted or non-substituted 8sul fonyl, or

substituted or non-substituted aryl radical; 9Z
OthepUsecof PNAgIr iByotighidyu barding, tohy dnieroRNALBBIA tart éthibit the

non- 10substituted al kyl ox supstituted or . .
re (o} SVINS (M oTeti[+1gWa) r'Sheo !crg%lﬂgti NP ofo an increase in the

=S t | i [ r ;

xkRRBnEVEt bl e RN, HESHL ebRe? by, the microRNA. (RN
volnd4- 38bs346, 2@AB)ar By tighdiycbindin@Bo, aBibonucleoprotéin auch as

Bn are i pendent| y . sel ect fromnatugal . .
telqiirasee SHA RSN mepblaS inSaefiias e AL the siparygleoprotein.
BiYFPSMeER. r 3@k | 1Longt n RPAIEBi :
(BRI pS e, ROl Bty yory 157M8L1000) T8 YeheyeBindg. to 2
cerntapinepeitumef ¢ gens ksthe sudaus RN canr miodwlatedbpasanscription

i tjg: L n-,s.U it i no radical
levBLbbuRe BHRR G0 nRly e o dral i BBGBTi br cor i1
due Singd e@pas e tighitlyi neind9propedNinesan@0 RNIA, PAd  sensitively
.oligoner of Faormula | shows inproved binding affinity .
discgminatescd singladsaseapair daismasee Na: wenle s avigabledfor high
oy ongi iU i-fied O . P
ﬁd%lft?ggrgr{eér@%g]f%?hlagg‘en\?‘gg iog'E%aP gﬁﬁgéﬁu}ﬁé#\o@g@%ngge}n ce PNA
bindéstgletly toDNA amdhiRNA wath hizghukedeerned §pdaficisn®NA may find
hysi gl ogi.cal functions nediated 25hy nucl eic agids or
vatge ot Sretne i end et SspIk 2bbRg Iavalpoa N ef RNA
(FAXEEAFBYI 17, 9090 fife 0, Dppaycl eoproteins. Al so PNA
ol rgoners of this invention 27are useful for
di agnosti c purposes due to their sequence specific
bi ndi ng 28capability for nucleic acids. 29 30
31DESCRI PTI ON OF | NVENTI ON WO
2009/ 113828PCT/ WMM resent
i nvention provides a rfgeglz@g:l g@éﬁ%@ﬁﬁ&{lol i gonmer s
3represented by Formula I, or a pharmaceutically

acce_l%t able salt thereof: 4 _
e present invention provides a novel class of PNA oligomers

represented by Formula |, or a pharmaceutically acceptable salt thereof:

0 0 o 0
X \/N\,)\N/\\\/Nj)\N{’ ------ ‘]‘\/N\’)LN/\|/N\,)\Z Formula |
e DG e E e
, 4 Ta

wherein,

n is an integer equal to or larger than 5;
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=

X, NFormula | 5"I( S1T1S2T2Sn_1n-1SnTn 6 7wherein, 8n

is an integer equal to or larger than 5; 9S11 Sz, Sn-1,
weR09/T13828Tz, Tn_1, and Tn i ndependently repr esePtT/KR2009/001256

10hydri do, deuterido, substizuted or non-substituted

al kyl, or substituted or 11lnon-substituted aryl

radi cal; 12X and Y independently represent hydrido,

deut eri do, hydroxy, 13substituted or non-substituted

al kyl oxy, substituted or non-substituted 14aryl oxy,

substi tat ed 8r-undm- Jubdei tutbd, atfichdn Hdependenty eapresent

=S ' e I wrSHDSL - r .
ny o< HBRlerldll RSB eH, mrctioRshbReERed alid, g, prbstiyted o
noh&ubistitutgt,argh raglibelf i t ut ed or non-substituted aryl

radical ; 17Z represents hydri do, deuterido, hydroxy,
substi 80ded omd%@ﬁndfeambﬁmeée% w&w%xﬁeutenda hydroxy,
£ Ut ed~Qkh_ ; ti a ulst Kk Ht
SUBHREtcd bt nOn ARHREE IO, P Ebtbte 6P hbH! fibsfted
aryhaxy; substituted ed radrkglbstautestibating,utuddtidded or non-substituted

alkgf SR e o asany 3 EERLERL At cibeliuged or non-sutiBiuted

sulfFicoeahsiRstdd6t H@h%&@ﬁ%ﬂ%w fadiédle, guanine,
cyt’osi ne and uracil, and 23unnat ural nucl eobases; and,

24atZ | eepyeseyis  diydptlo, Beleuterido, Brihydroxnd sBhstituted or non-

' 25 | eob .
sl RS SR0AY, BT RS A oS Grutea o
noR&ueatiRB | ¥mind)kasbstitutdae ofheni-gubSRRests idikya, bersubstituted
due nucl eobase Eal ring 27properties. 28 WO

or peDgIUbEYYAeHGIY KFRIIOD] 001256 14 1A PNA ol i goner of
thisgingentiog shoug !Bnpg%qudééélil%&ﬁ&etsrefgétg@ ?rogri?gaatural

bi ndithg % o"hucl®i € aci '@ Eonpar s “COf t espon
nuc¢leobaskst iretldiRglAadeningpoeymine) dudriné ngy@okinenand uracil, and

"unnodi fied PNA oligonmer refers to a PNA 4oligomer of
unpRiuiel Rugleohgsesedndis; | S2, ..., Sn-1, Sn, 1, 12/Tn-1,

and ;in Vef igdo pradi cal ; =

and aé#e?%t‘é o?‘%dggesridg%’t [")’/Cgsi”éll' e%{ag(? "?1 r gEﬁ gﬂg?ﬂtrlyéﬁgpﬂesents an

unnatciralobaslesbesawitls i angubdtitiited, ot man-sehstijuted raeninandadical
of

co%aiéfgtﬂ 355@5 nt?gﬁﬁlgqle\lﬁ r’gﬁl | Frggéonsiblteh%‘dc’r Itg Y L?é in%rélero%aa%iel zairing

properties.

A PNA oligomer of Formula | shows improved binding affinity for
nucleic acid and cell penetration compared to its corresponding ‘unmodified’
PNA oligomer. PNA oligomers of this invention are useful to sequence
specifically inhibit or modulate cellular and physiological functions mediated
by nucleic acids or physiologically active molecules having a nucleic acid
domain such as ribonucleoproteins. Also PNA oligomers of this invention
are useful for diagnostic purposes due to their sequence specific binding

capability for nucleic acids.

DESCRIPTION OF INVENTION
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9nenbrane, and can affect or alter cellular functions

by sequence specifically 10binding to a nucleic acid
wo@roo/1mses eoprotein within cell. 11A PNA ol i goPeT/K&R009/001256

Forrmula | can potently inhitgt ribosonal protein 12

synthesis by tightly binding to nRNA. A PNA ol i gomer

of the present 13invention can tightly bind to a

pre-nmRNA and alter the splicing of the pre- 14 nRNA to

MRNA. Further, a PNA oligonmer of the present invention

can 15bind tightly to a mcroRNA, and inhibit nmRNA

ORI S LT Ny R, toomes

repraséretied BcFdrrh@ladhroxi nphérraacddtivallg laeogstably sult tiegreof:
exanpl e tel onerase, and nodul ate its 19physi ol ogi cal
function(s). A PNA oligoner of the present invention
can bind 20Bto a gen& and nodul at eBtithe trangcri ption
of the g@ W&lcgoner of Qﬁowml a0 0@n bind to

a vigal . ngcri_pi nhi, bint
22pr oIle r T]l)g ﬁ:us Ngl\ D\dor'}le tpygmulal
i nvent' on can affSect T223cel | ul arS.f uhat i 0188 ofnher t han
t hose descri bed above by sequence specifically
24binding to a nucleic acid or a nucleoprotein wthin
marmiDerE ﬁ" cell. In 25addition, a PNA oligomer of the
presr?%tah %9@+ 2Qy&PRd bt vé“rglehm g.t0 a 26bacteri al

NA, nuclel €T acid, or gen an i nhibit bacteri al
pr oISn‘ &vat.i,0bnor S278,t & backer iand blinogdepeasiestly represent

fil AP f t hi.gh
y@ller Rt et Bt R o shBs R cnky s ettt or
noAXSTsEtRBHaTYI RAdcatount erpart, and woul d be 30
appropriate tor detectlng si ngl e nucl eoti de

pol yfoapdi sm (ndependently hirgpresamnt deydrdo, Prieusetidanehydroxy,

s 25550 B ERBHAD Aok SULLtdd B o St

aryM)tyh shbgtitused) ve nom-spestithited bmm@ndjbmuutiéel @ﬁﬁbulsufb@tututed
gene profll ng. A PNA oligoner of Fornula | may
a'lese$ stitytesh e Nepn- sybstiteda aqyic| Sibstiaded @éanpngsubstltuted

C f 4 properl
sul?@rlaﬁl‘ o Eut?:ﬁﬁ@te?xﬁd ﬁbﬂhoretlﬂttea J}XFPJcilcél, (] ugroghorg
PNA Borepgenmis dfydlnldlos deueafrtdcpn hyniyoykye sabftitutédr orn non-
arie agn stlc r 6anal cal oses ot her
substiitach oy s Substitisdver T S GLISHAVIoS, festituted or
noﬁrmmutbavsrwcpnsm&meérwsasy:%tﬂéd %Iléﬁl WP dudstituted
onpared to the corresponding 'unnmodified PNA
or Obngm’&sttltuteddargbaadltai used as dissolved in water,
sal i or a uffer [ ution. ;A PNA ol i r.of
For i 8% canbbe. F0% i apisd INAERCASRY GRIEERY B yagfural
nu@léo%sés‘ Mlﬁﬁhg%@@mné Md, IUBHINES cjtdsmel BMénu#aQﬂ and

élu lexed with a 12 conplenentary DNA and
unpg ra&nw@e@h@ﬂeéxamn be formulated with a 13cati on| c

TPIg: east one of By, B2 ... Bnai, and B, independently represents an

unnatural nucleobase with a substituted or non-substituted amino radical
covalently linked to the moiety responsible for its due nucleobase pairing

properties.
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14A PNA ol i gomer of this invention may be formnul at ed
in a variety of 15dosage forns including but not
wo ovotiexs2g o i nj ect abl e fornul ati on, nasal sprapg¢T/KR2009/001256
16t abl et, granules, hard capsul e, soft capsule,
| i posomal formulation, oral 17suspension, transdenal
formul ati on, and so on. 18A PNA oligonmer of the
present invention can be adm nistered to a 19 subj ect
at therapeutically effective doses, which would vary
depehdiNg eligomendfctiis daventinn shewsatmpieveducell penetration
' I jt j f. ' nd, - '
ang3h AR5 RELleE: oGH otRhbaR B S KRR ondRE, Shibded PA
o“gd“}em{j sihertﬁm; ﬁm/antmlebhgtﬁdiﬁbe}d'ame iotigpnedr refeteto a PNA
I ncl udi ut _not Jimte 0 ingravenqus_24injection,
°|'99ﬁ@&t%gﬁﬂ§“|%ﬁe‘8{‘?@'ﬂ Sin ?rap'e%'i\-trogregrllr iTnj ectp-onand Tn are

hy@A4d8! radithf! Md B, 250! QL'QS%%%S%%%AO%@F%%E@Z%%E{Egé? from

application, and so on. 0

natmal becladbasdssecampdsing adesing, ebymiime, 2jicanineé, nerid oytosineh
a pharmaceutically acceptabl e adjuvant includi ng but
not 28limted to citric acid, hydrochloric acid,

tar t@rﬁNAQﬂirg)mért Bfrthis i%%ﬁtior@%@@ﬂhéﬁﬁé}ﬁb%?éﬁ ¥edthmalian cell
pol ypr opyl enegl ycol , et hanol, sodi um bi car bonat e,

megobifase lBnddcamatfect b alter celiwanbinttionst by sequengs specifically

. Lj pof ect.am t . .
birkli 18 2 DU BRI RBY G yB e BB el ¥R erl ¢ c,
asCcox tRNA asligbmer o¥ Fopimula Radam pobtentlieinhibie aibdsestal protein
titani um oxi de, .2sodi um car boxynet hyl' cel | ul ose,

syrsfiesis chgr tighthe dindiag v, MENA soAoRNA plmemer igfothe psesent
invERBoR" &P RERUDUSAL @ O&rﬁpr%ﬁm‘%(\g?a@ﬂﬁtrrg Spclig df%the pre-

asic or a unctraonal group
mRISRdtasnREW. r Hurtrestt, @ RINAN cligoetiri whltbet pessendtineéntion can

. ppar maceuti cal | ccept abl e acid or base, 6incl udi ng
blf@ﬂslgﬁgv 19 & m%ﬁgl%%fmmwrra%%ﬁs&mmm uced by the
mitReRNeKi de, 7hydrochloric acid, nethanesul fonic acid,

citric acid, and so on. 8 9Preferred PNA ol i goners
enc oPAes offtyaneri afofenmsulaf | &or predictablyobinkDto the nucleic acid

har eut.jcal ly acceptable salt thereof: llwherein, .
dolA 18 anfiPROKEEPPEIGL 65 BRMIPGEIOTRSS A modulate it
ph?ﬂﬁldéﬁt‘falthﬁE‘ti@rﬁ(s)?QW'PNA@oﬁé&Qier K 3he présent inveRflbn cai bind

, T ..., In-1, and Tn are hydrido radical; 15X and

to v geee iandeadidatel thestrasaription ofnthe gyendo, As BB oligoaer of

on- 16s ifuted .al kyl substituted or N
Foffpule 1, 2 1034 17 il s bene s PGl YRGSt and inhibit the
prdlifetsin toft ek siusonyA , PRAdoRigdsier t of @HisOlinvention can affect

non-substituted aryl radical;” 18Z represents hydrido

celiyar dxyctionsbether thea thpsasiesoriaed mbove by kyaegyce specifically
birf]ogﬁg‘gﬁ)?: i‘ﬁpg[%éééraaﬁikﬁ;l?f%bﬁhtﬂe%?&eﬁ{“\&‘i%insHPa%Ha‘HEﬁdc&[ In
addition, a PNA oligomer of the present invention can tightly bind to a
bacterial mMRNA, nucleic acid, or gene, and inhibit bacterial proliferation or
alter bacterial biosynthesis profiles.

A PNA oligomer of this invention is highly sensitive to a base
mismatch in binding to its complementary DNA counterpart, and would be
appropriate for detecting single nucleotide polymorphism (SNP) with high

fidelity. PNA oligomers of the present invention bind tightly to their
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200r substituted or non-substituted aryl radical;
21B1, B2, ..., Bn-1, and Bn are independently sel ected
wo caamimaabgir al  22nucl eobases i ncl udi ng adeni ne, PCTYKRR0V8/001256
guani ne, cytosine and uraciis, and 23unnat ur al
nucl eobases; and, 24at |east one of B1, B2, ..., Bn-i,
and Bn is independently selected from 25unnat ur al
nucl eobases represented by Forrmula Il, Fornula II1Il, or
Formula IV: 26 WD 2009/113828PCT/ KR2009/ 001256 17 1
complementary 3MAs rpith RigRseqrenemdpeBfiaite aneepanbensseful for

9o iolfiony A bg. Sl FouPly 1Ak e s8ERE ) brege o
locatekyd opycleiedaeidl sbeamithg Ghdleclié a0eh L3s atetorferowaithint cell if
| i nker represented by Fornula V 7 connecting a basic

prepario tgesed with e ¢spaigpharepdrsi examplsy Huerandipsee PNA

D _ T ol YIRS .
oSt HSNBUERGSh ey b SAG o 2 LAREFLLT, dagnostic or
analptica ynspoted etherethanl thiose (defailed) alidveadi f:al , and Qmis

O SeL 2 i e A e Sh0d Siueous

i o Nz ' d - enepN@x
solfiRy | CihSredr 1d IRENe SHERI I ufiRIoHA N PR LA§Bmer, and
carl omrusedbss | diss@dedinnnwaterdisatine| oN(aH)byfferr solution. A PNA

.-N(subsgituent)-];: and, 18mi,s. an i.nteger .equal,. tqQ or
oligQBE St Kty | ‘<ot e toTmuRt! willicd Gasoie id Sleh as
Iip@i@E”c‘é‘Mmei. JATPINA Qflig@ﬂﬁéri 6fltAk INDERIGStmE gy idi@l&% with a

oligonmers of 21Foriula |, or a pharmaceutically ]
compterpeatane BRI andethafresgitngeduplex gam be fanmulatedewith a

ly: or larger than 8 but smaller than or equal to
Ca%@;""%a, S2, ..., Sn-1, 511r 11 T2, ..., Tn..1, and

Tn ax eNW Bligdenérdt ehis; inképtiemdndy deefdriilggeadantl variety of
sel ected from hydrido, substituted or r%on- )
dosagq, Byms (ncdiding ibHt natlimyad 4o inigctablg formulation, nasal spray,

a0 U Vg @ on! oo ARRESHA] ToAh, ora
suspension, transdemal formulation, and so on. :

A PNA oligomer of the present invention can be administered to a
subject at therapeutically effective doses, which would vary depending on
indication, administration route, dosing schedule, situations of subject, and
so on.

A PNA oligomer of the present invention can be administered to a
subject by a variety of routes including but not limited to intravenous
injection, subcutaneous injection, intraperitoneal injection, nasal inhalation,
oral administration, transdermal application, and so on.

A PNA oligomer of Formula | can be administered to a subject in
combination with a pharmaceutically acceptable adjuvant including but not
limited to citric acid, hydrochloric acid, tartaric acid, stearic acid,
polyethyleneglycol, polypropyleneglycol, ethanol, sodium bicarbonate,

distilled water, hyaluronic acid, cationic lipid such as lipofectamine, starch,
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27

29Bb B2, ..., Bn-1, and Bn are independently sel ected
from natural 30nucl eobases including adeni ne, thym ne,
w@op@niimnss cyt osi ne and uracil, and 31lunnat ur al PCT/KR2009/001256
nucl eobases; WD 2009/ 113828PCT/ KR2009/ 001256 18 1lat
|l east two of Bl, B2, ..., Bn_1, and Bn are
i ndependently selected from 2 unnatural nucl eobases
represented by Fornula Il, Forrmula Ill, or Formula IV,
3R1, R2, R3, Ra, R5 and R6 are independently selected .
gelptiontalabascorivic carid opliveoallspalen iailluneethylcelluosestiganium oxide,
' LAl ' e [of ut [
sodl4ff Lebol e icalibed aiee it oo B 0 on e
i n!@@%ptigenﬁagjfahler;bmmle@tr Wgn';ié’ﬁZdépiﬁiing-dn gﬁrdpresence
1) are independently sel ecte rom supstituted or .
of ggéﬁ- SUFSIqie (HIBELRRAINGIUHRAS) ERegEh, MaKdParHSes Padiedralized

witfdn| EUIAAE drERE bf K HarRcRl i IEcrt@eadt pr base
inchidihgi buér est Gonmied ste Riddiom dgoydrosidef potassiuan | hydroxide,
3or, a. pharmaceuti cally. accept.abl e .salt ,t her eof:
hy R s a0 B dr AP HICRrg, GhtfapCiobed SPbor ¢ han
10 but smaller than or equal to 1625; 17S1, S2, ...,

S11-1, S, 1-1, T2, ..., Tn-i, and Tn are hydrido
r adiRraferretBRNAnaligomess iendempade MNA dligbeure dff fanmula |, or

hydri do,..and substi tute r l19non-substituted acyl

a pRgfimatpei S FRPlAL S8t ufret) i ky T oxy. - or
subsidrefred or non-substituted 21am no radical; and,
22B1, B2, ..., Bn-1, and Bn are independently sel ected

from isadniintegereaupbin &5 dargendhani n§usaarligs thampriaaual to
guani ne, cytosine and uracil, and 24unnatural

‘nucl eobases; 25at |east three of Bl, B2,Bn-1, and Bn

ar e S n8gperelans],yris &b, ect B, a6df Toaneulwdridy eadical;

nucl cp)b ISngiet/',enp! esegtee ygé@??é@’rlo%lr&ﬁaig%gg %itlu!celd or non-

Su%gﬁ-su %P?yﬁh%’%%gﬁ%qe%r‘;ﬁ %i%??gjoépgg%éggbgg&te%n%{ non-
sul@titateel sttdnyll,eared s@loktitated andoQrsubstiduteeicartyy radioded t o

28897.’,3 ig%g%y%%&%@ubstituted or nonsubstituted alkyloxy,
substituted or non-substituted amino, substituted or non-substituted alkyl,
or substituted or non-substituted aryl radical;

By, Bz .., Bni, and B, are independently selected from natural
nucleobases including adenine, thymine, guanine, cytosine and uracil, and
unnatural nucleobases; and,

at least one of By, By, .., Bni1, and B, is independently selected from

unnatural nucleobases represented by Formula Il, Formula lli, or Formula IV:

Flh
N-R, NH, 0
¢ ey X
JN\ N N NTONTNH
| \/I\L | Lz\’:l,R4 ' Ls\,:l Re
N"70 R, Rs
]
Formula ll Formula lll Formula IV
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19 1@, C23, ..., and Qni are independently sel ected
from net hyl ene, 2oxygen, and ami no radical; and, 3mis
wa@powniasger equal to or larger than 2 but snal PET/KRR@N/001256
or equal to 410. 5 6PNA ol iggoners of higher interest
enconpass PNA oligonmers of 7Formula |, or a
phar maceutically acceptable salt thereof: 8wherein, 9n
is an integer equal to or larger than 10 but snaller
than or equal to 1020; 11S1, S2, ..., Sn-1, Sn, T1,
12, ..., In-i, and Tn are hydrido radical; 12X and Y
ar e whetleprendent |y sel ected from hydri do, and
substltut ed or 13non subst.i t ut ed ac%f radi cal ; 147

r epris &at RanferRngnd Ke asagadepandenty salested fam tswbstituted

o ?Hggg%l{t wu?ﬁl(/j S%F)ﬁct eg&?ro’m WCFB %{I %ug{]eo yted or non-

subgtitUtedi algykog madieal; i ne guanl ne, cytosine and

ura iI, and 17unnatural cIe ses; 18at | east three
of B1, gpand Ls e ja %cn@ imgef H&®) ﬁ<§ §y Formala V

cor?'r?é&ﬁ'{gzgl %quf_ ra?ﬂh%”@ﬁft{ﬁ b %Chﬁﬁ@%ﬁ% ?\Efb?é?gt %c@bbase

For For mul a or 20 Fo

paiging R®perdeqiydri do radical, and R2, R4, and R6
I ndependently 22represent hydrido, or substituted or
non- substituted am di nyl radical; 23Q and Qmare

met hyle i-eal--~dand i.s di linked to the
24ba’ c am 0 grouﬁ\azfgﬂ (13 r!fo‘?',ﬁ‘tdli}/n\é Qi are

i ndependently sel ected from net hyl ene, 26oxygen, and
am no radical; and, 27mis an integer equal to or
| ar generefran 2 but smal | er than or equal to 2810. 29

30PNA ol i rs of hest interest co se PNA
ol 1 e 3 o sl BURed b amavheRUEd cRefylene (-CHy)
R EMRID £ isSdire thNRiIeRf to tbasic amlnoe9rr(])up2n < an

2009/ 113 8PCT/K 009/ OQ1256 20 1wher , _
i nt €aerQequabndoQan arer guieptelmdentlg deiectedufiroey substituted or

”ﬁ%ﬁ’?%ﬂfuqegzpﬁetﬁy Ehe “oxygen’ GO, Nsdifur®tS-) "aRh S B or
non-substituted amino radical [-N(H)-, or —N(substituent)-]; and,

m Is an integer equal to or larger than 2 but smaller than or equal to 15.

PNA oligomers of particular interest comprise PNA oligomers of
Formula |, or a pharmaceutically acceptable salt thereof:

wherein,

n is an integer equal to or larger than 8 but smaller than or equal to
25;

S1, Sz os Sn-1s Sn T1, T2, ooy Toer, @and Ty, are hydrido radical;

X and Y are independently selected from hydrido, substituted or non-
substituted alkyl, and substituted or non-substituted acyl radical;

Z represents hydroxy, or substituted or non-substituted amino radical;

B, B2 .. Bni and B, are independently selected from natural
nucleobases including adenine, thymine, guanine, cytosine and uracil, and

unnatural nucleobases;
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5X and Y are independently selected from hydri do, and
substituted or 6non-substituted acyl radical; 7Z

wo egwasset s hydroxy, or substituted or non- subBtT/Kr2@d/001256
amno radical; 8Bl1, B2, ...18 Bn_1, and Bn are
i ndependently sel ected from adeni ne, 9 thym ne,
guani ne, cytosine, and unnatural nucl eobases; 10at
| east three of Bl, B2,Bn-1, and Bn are independently
selected 11 fromunnatural nucl eobases represented by
For ralllgasti twaref Bl Bz 111 Br-nrand2Biaravindepend engmselemed from

OGS PR BT by it 1, Fornfl I or Formuia v

r ale:laIR;z, R@QR4 aRyafidinRarate natibpéedenthadeleated &Iaﬁn@mbsatuted
di rectl g to the 16 basic am no group; 17Qz,
or pRNZRHP Iyl and Swisiget Tadicad| ect ed from met hyl ene,

and 38 n t
N 92‘%‘ Q?m%%‘ﬂ“&%ﬁ% PR Bl ARSI, and
Qm2§$beacrtlyllmklémtoothegbas&¢ sm)hosgroup,g inter est conpri se
onmers qf 23For nul or a har utical l

noedd (o sand Qnar st dbpshgRat Ssred dram subduted or
noﬁ%ﬁ%tlfzd;%@rm%ﬁ{y@@ﬁe td?(gﬂerg and aﬁﬂﬁé'r%lcbh%ﬂdogngqrﬁ' atrg

hydrrr’wd@ anaijnitegﬂr ek tosoml,adgerdthanaaubummaziw than or equal to
12represents hydri do, or substituted or non-substituted

‘acyl radical; 30Z represents hydroxy, or substituted

or non-substituted am no radical; WO

2009/ 113828PCT/ KR2009/ 001256 21 1B1, B2, ..., Bn-1
and PB¥A sligorers sfightinterest eamptise POYA gligamess of Formula |,

or %t %eu%’é’][ya?%egg%tﬁlgssﬁﬂethe unnat ur al

cl'eobases; ree o B2, ..., Bn-1, and
Bn avieereirfependently sel ected 4 fron1unnaturm
nucl epbases represented by Fornula 11, Forpula Ill, or
5 FéY A INtggesrgualRs oaﬂdg%tmlﬂmlsa%a [«%dﬁeawr el to

25-R2, R4, and R6 independently 7represent hydrido or
’am' di nyI radi cal; 8L1 represents -(CH2)2-0-(CH2)2-,
CHB1084, ChB8n2; Sn,0F1, T6H2- D1 @HE) B- ar@viydriddeadicght end

and éﬁ tr‘léa(e]dré %ﬂe{iq%qte/ geZaSI 6omm?o 8 anc?ggbst}t%%ézd or
non{st2tign8d el radicals (CH2) 3-
Z represents hydroxy, alkyloxy, or substituted or non-substituted
amino radical; and,
By, B2 .., Bni and B, are independently selected from natural
nucleobases including adenine, thymine, guanine, cytosine and uracil, and

unnatural nucleobases;

at least three of B;, By, .., Bn1, and B, are independently selected
from unnatural nucleobases represented by Formula I, Formula Ill, or
Formula IV;

Ri, Rz, R3, R4, Rs and Rg are independently selected from substituted
or non-substituted alkyl, and hydrido radical;
Qi1 and Qmn are methylene radical, and Qm is directly linked to the

basic amino group;
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110-(CH2) 2-, -(CH2)2-0-(CH2)3-, -(CH2)2-, -(CH2)3-,
-(CH2)4-, -(CH2)5-, -(CH2)6-, - 12(CH2)7-, and

wo e@si2)B28 Wi th the right end is directly |inkepPCT/ERRIVE/001256
basi ¢ am no 13group. 14 15Tixe above used terns and
abbreviations for the PNA oligonmers of 16this
invention are illustrated in the table below 17
Terni Abbreviation Illustration or definition oligomer

ol i gonucl eoti de hydri do single hydrogen atom (-H)
deut@ri Qs singnd émmewreumcgmnd@nﬂy sdlested| freear methylene,

oxﬁégrﬂ%?]%da'%'whd'@%b%% aryl aromatic group such as

pyridy napht hyl , etc nethyl ene
- (CHR)is amcinteger@dlal’ tosorRirgéntiesh Mibur shyslier dhan arkadual to
or aryl radical sulfonyl '-S(0)2-' substituted with
104 kyl, or aryl radical alkyloxy '"R-0-' where Ris
substituted or non-substituted al kyl radical oxygen
"-0-'" sulfur amdinyl NH2 WO
2009 NA 381§6TBNKR20dEGHOA 2h6erdt mricosmpess( ENANHRligdmers  of

Formula |, or a pharmaceutically acceptable salt thereof:

wherein,

n is an integer equal to or larger than 10 but smaller than or equal to
20;

S1, S2, <.y Sn-1, Sny T1, T .., T, @nd T, are hydrido radical;

X and Y are independently selected from hydrido, and substituted or
non-substituted acyl radical;

Z represents hydroxy, or substituted or non-substituted amino radical;

By, B2 .., Bni1, and B, is independently selected from natural
nucleobases including adenine, thymine, guanine, cytosine and uracil, and
unnatural nucleobases;

at least three of By, By ..., Bai, and B, are independently selected
from unnatural nucleobases represented by Formula W, Formula lll, or
Formula IV;

Ry, R3, and Rs are hydrido radical, and R, R4, and Rg independently
represent hydrido, or substituted or non-substituted amidiny! radical;

Q: and Qn are methylene radical, and Qm is directly linked to the
basic amino group;

Q2 Qs ..., and Qma are independently selected from methylene,
oxygen, and amino radical; and,

m is an integer equal to or larger than 2 but smaller than or equal to
10.

PNA oligomers of highest interest comprise PNA oligomers of

Formula |, or a pharmaceutically acceptable salt thereof:
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No thymne (T) o INH O uracil (U) O 1nii-1 '.o0 adenine

(A) NH2 N guanine (G o HN H2NN 1 2 3CGENERAL
WEXNIHIBBREL PROCEDURES 4 5For characteri zat i onPOf/KR2009/001256

nol ecul es of this inventi ompogNVR spectra were 6

recorded on a Varian Mercury 300MHz, Bruker Avance

400MHz, or Varian 7 Inova 500MHz NWVR

spectroneter. Either a Bruker Da'tonics Utraflex 8

MALDI - TOF or an Agilent LC/MS lon Trap System was

enplWeigif.or 9 deterninati on of nolecul ar wei ght. PNA

ohadL b (E0E, BN, Bfel thalb 1b BB Bl b B bl to
20;a Shimazu LC-6AD HPLC. Unl ess noted otherw se, silica

gel was used faor 12chromatographi c separation of small
nol éugés--rﬁ@pénreﬁr iTn -#hi st BRGeht @r@nhyci@@@ﬁd'ﬁ@i poi nt

IS nepapt e g I

dor '/ a0E, £5r8 IndaFdl Shlectfd RARDRIHicR, BT sEBARRRed or
nonfsutistituted\eeyt radicaler e prepared according to one of

t he t hods 17 thods A, ..B, and Q) propvided, bel.ow or,
wi t I FRRIGPENSdl r@&tfi°6r§(~‘?ft"f‘1’f%$é’dfr,‘g’l“éHEFTé"é’ée‘?Jéf‘HPPéad'ca'?

ot hegwige |n @Gt ugld YYNLRCthAeFERIPhEF seleted f deni
20081 13658 KBS0 08 o0 B SR faent? se rom adenine
thymine, guanine, cytosine, and unnatural nucleobases;

at least three of By, By, .., B, and B, are independently selected
from unnatural nucleobases represented by Formula I, Formula IlI, or
Formula IV;

R1, R3, and Rs are hydrido radical, ahd Rz, R4, and Rg independently
represents hydrido or amidinyl radical;

Q: and Qm are methylene radical, and Qn is directly linked to the
basic amino group;

Q2 Qs .., and Qm1 are independently selected from methylene, and
oxygen radical; and,

m is an integer equal to or larger than 2 but smaller than or equal to

Specific PNA oligomers of strong interest comprise PNA oligomers of
Formula |, or a pharmaceutically acceptable salt thereof:

wherein,

n is an integer equal to or larger than 8 but smaller than or equal to
20;

S1, S2, -ty Sn-i, Sny Tq, T, ..., Tae1, @nd T, are hydrido radical;

X is hydrido radical;

Y represents hydrido, or substituted or non-substituted acy! radical;

Z represents hydroxy, or substituted or non-substituted amino radical;
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2Met hod A: 6-al kyl -pyrol | ocyt osi ne derivatives were

synt hesi zed as properly 3protected according to Schene
waQa 2@/1wdse$h m nor variation(s) thereof. Such 6-PEI/KR2009/001256

al kyl - pyrol | ocytosi ne derivatives were used to

synt hesi ze PNA nononers 5contai ni ng a nucl eobase

represented by Fornmula Il as a cytosine equival ent.

6Fi rst conmpound a was deprotonated with NaH and t hen

al kylated 7 with ethyl bronbacetate to obtain conpound

b. Cdhpdiand..b Bras @elidearedntdepangentiyadielentedt fropx eatlenine,
th couel i ng Wth a term Hal a e&%l en i)deri,vat ive, which

YIRD®; quUEnng: Syiosing: &R tLU"E%Br QHCECRADY ding to the 10

|'i t etaletise thichuek emysipdes., \BiC], efid Bgsare MddpRingleftlydselected

vol 22, 1029-1033, 2003) 11 12Schene 1 13 Ph PhC) NH
fronH unnatergl pRpclepbasesy IrBpmssatast Ly Rayowla fetBormula NI, or

)4, DMF Lro OEt a NH PG 14 15 16Met hod B:

F°'§ﬁf§@‘ém nopurine derivatives were synthesized as

profRar IRy, arkdr R and égdadooradiicyd, dod RNER¥E ahdoR Widdpendently

m nor. vayjation(s), tlgler of . Such 18 2, 6-di am no- puri ne
rem@q;qr\;ah){c{f RepBNdEWl radicalnt hesi ze PNA nononer s

19cqnt al M n obqa nepr gsenge For mulay. L AL _

as g'rll géd@ﬁ?%é@eqﬁéf S%?GHQSH rst ?eﬁélﬁ %ldeerslﬁe@lv\zla? (CHa)s
withethet mghtwend isdaeatly hivked thithé Hasitpemataigeo®d; and,

T T M T N e o

2
-M@HJy, -Nakt at .t h. - - - - - - - -
O 1S eaBhCr T KePbaa oo se Sh ety onoacet ar e 1"
(Chidht-aiand cd@plolanavith thgighteng iscduedtho ligked goothe2basic amino

r ppound f was protected with either Cbz or Boc group
9 ‘yield compound 39- 4

The above used terms and abbreviations for the PNA oligomers of

this invention are illustrated in the table below.

Term/Abbreviation Illustration or definition
oligomer oligonucleotide
hydrido single hydrogen atom (-H)
deuterido single deuterium atom (-D)
alkyl linear or branched alkyl radical
aryl aromatic group such as phenyl, pyridyl, furyl, naphthyl, etc
methylene -(CHy)-
acyl -C(O)-' substituted with hydrido, alkyl, or aryl radical
sulfonyl '-5(0),-" substituted with alkyl, or aryl radical
alkyloxy ‘R-O-" where R is substituted or non-substituted alkyl radical
oxygen -O-'
sulfur -S-
. NH,
amidinyl :l&’gNH
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5Schenme 2 6 9Met hod C. N al kyl at ed guani ne

derivatives were synthesized as properly 10 protected
wa@emondiseyy to Schenme 3 or with m nor vari ati onBCT/KR2009/001256

t hereof. Such 11 guani ne dexa vatives were used to

synt hesi ze PNA nononers containing a 12 nucl eobase

represented by Formula |V as a guani ne equivalent. 13

14Schenme 3 15 HN Boc- N-L3- NN 18Fi r st

2=hatohypoxanttime—was reacted w tfa diranime—at—high
19 tenperatufe to obtain conpound k., which was then
reacdicedd(QM t h|Boc20 to WO 2009/ 11B848PCT/ KR2009/ 001256
25 1 give cofpound i. Conpound i wgS adeprotonated wth
NaH—and—al-kylated2-wth—ethyl br ofpacet ate-to-obtain
compound j. 3 4Two types of PNA oners were
siyhliesiized according to either 5] Mefthod D or Method E
to prepare PINA oligoners of Fornul™To PNA 6 oligoners

Daej on, 7 Solit h Korea) using PNA npnoners of type o of
SCJ}SHPLQ upom request of 8 CTI Bi| . NAl ternatively, PNA
m)norreg' of fype q of Schenme 5 ed in- 9 house
for the synthesis of PNA ol i gonersmaccording to the

met hod 10des¢ribed in the prior aMt,or with m nor
nmodi fi cation(s) thereof. (USP 11g/ 444) 12 13

¥ @) PNA nonomers with a nodj filed nucl eobase were
prepared 14 according to Schene 4"br,’3§Nith m nor

PNA ol i&({)msr synt hesi s net hod de in the
|94a8ina @e. 16 (Org. Lett. vol 9, 132813293, 2006) In
Scheme 4, cofpound k may 17 corrdsp¥ndito conmpound c

variation(s) [thereof as properly lT%/\gLeCt ed 1or the

of Scheme 1, conpound g of Schene 2, or

GENERAL SYNTHETIC PROCEDURES

For characterization of molecules of this invention NMR spectra were
recorded on a Varian Mercury 300MHz, Bruker Avance 400MHz, or Varian
Inova 500MHz NMR spectrometer. Either a Bruker Daltonics Ultraflex
MALDI-TOF or an Agilent LC/MS Ion Trap System was employed for
determination of molecular weight. PNA oligomers were analyzed and
purified by Cjs-reverse phase HPLC either on a Hewlett Packard 1050 HPLC
or a Shimazu LC-6AD HPLC. Unless noted otherwise, silica gel was used for
chromatographic separation of small molecules prepared in this invention.

Melting point is reported as uncorrected.

Unnatural nucleobase derivatives used for the synthesis of PNA
monomers of this invention were prepared according to one of the methods
(Methods A, B, and C) provided below or with minor modification(s) thereof,

unless detailed otherwise in actual synthetic examples.
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18 conpound j of Schenme 3, however, may not be
necessarily limted to one of 19 those ester

w@oompawsds. 20 21Schene 4 22 0 H BBBts, NN 1) BOT/KRE(09/001256
LiIOHLfO. yo H CEt2) H+ &8 WO
2009/ 113828PCT1KR20091001256 26 1 2First ester k was
subjected to al kaline hydrolysis to afford acid I, 3
whi chwast hencoupl edw t het hyl N-[ 2- { N- ( 2-
4benzot hi azol i nyl ) sul f onyl am no} et hyl]-gl ycinate to
obtain conpound m 5 Conpound mwas mldly hydrol yzed

Methb A EIAIRADEIGEHESTe daREE Sudte Y RHhET o s hoperly

pratectedT hm:ardmg tabclsémact or evifromikdAvamationes) thesasf. Such 6-
assu in Scheme 4 8 t hroughout th|3|nv on

a'kyf-%ﬁﬁh%osm VYR VPRA URBR ol rY NthEAZ &' BNAHonomers

] {

coﬁ%ﬂgﬁﬁiazbykl\%glb}%@P%ﬁgifﬂ%%yzggfmgéﬁogrhs Qﬁxfdsfr?e" ﬁtgét'l(/glent

Al t diilrsatciompwnd’m wam ategretamated awith dNBHe dnduthesoladigdated
ared.according to Schene,5,or th mn

withl Ry ERR TR Eftf ot abtla’ raBRSUGA o ook QABHG, f was

suthjRlbred 't@oﬁerpaﬂﬁﬂmst&alﬁbﬂoéoﬂgﬁw G d@eth ttBPmi‘n'%lpéd:éWIene
art, (USP 6,133, 444) |In Schene onpound

degyatives pyhight avass iR osibLannuated tehereduct @o@p@qmn@ tsf the

it e GRY ROMRD le RR H vol22klg 10Y. 2003

conpounds. 19 ZOScherre 5 21 1) aq THF, LiCH
CEt2) H+ HO
Scheme 1
Ph
o]
I = N—PG
I _ 1'— I
| NH 1) NaH/DMF I\/’L
N
\(\l 2) ethylbromoacetate N™ ~O Cul, NEt, Pd(PPhg),, DMF
N” 0 0
OEt
a b
NH-PG
Ph 4
o=
PG-pn-Lt NH / NH PG : Protecting Group
G~-N [
H X <N
L NP S
N o N0
o c 0

OEt OEt

Method B: 2,6-diaminopurine derivatives were synthesized as properly
protected according to Scheme 2 or with minor variation(s) thereof. Such
2,6-diamino-purine derivatives were used to synthesize PNA monomers
containing a nucleobase represented by Formula Ill as an adenine equivalent.

First 2-haloadenine was reacted with a diamine at high temperature
to obtain compound d, which was then reacted with Boc;O to give

compound e. Compound e was deprotonated with NaH, and alkylated with
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BFmoc, NNOVe Le H OHEDCI, HOBT, DWVF | 22 23
24First acid | was coupled with ethyl
WOR2§o2A{3RE OH-f | uor en- 9- 25yl ) am no} et hyl] - gl yCPOEKR2G00/001256
obtai n conpound p by an EDQ4 coupling WO
2009/ 113828PCT/ KR2009/ 001256 27 1 reaction. Then
conpound p was mldly hydrolyzed with LiOH to obtain
PNA 2 nononmer g with a nodified nucl eobase. 3 4The
foll owi ng exanpl es contain detail ed descriptions of
ethyhomqacerieata @btaiet kempaumd fonpbenkromstia amyno group of

colBUGR Ped Mofla th BEGRPC L 83, Blod A5 A1 BBunc

g. should not be interpreted as-a restriction to the
present invention. 8Mst of these detailed
descriptions fall wthin the scope, and serve to 9
exenplify the above desqdRftk SENERAL SYNTHETI C
PROCEDURES whi ch 10 forma part of the invention. The
abbrevi ations used in the follow ng 1lexanples are
defined in the follow ngntable. 12 Category Denot ghj on

111" NVR WProten nucl ear bmgget i cgsgsonance. I n 1N
mf%r At ing—NvRdat a, vvi)\gell Saccepted—abbrevi at i %l S
Meréysed as fol HOVSTNS WOrNsi ngl et, d fror—NGURISY;

f or thiplet, q for quartet, mfor nultiplet, bf for
xrpad, J for coupling constant, CDClI3 for deuterated
chl orof orm DMS0d6 for hexadeut erat ed Discer @nd. So on.
M5 Mass spectrosco '92 I§\n presenting M5 data, popL”HarI y
accepted abbrevi at® Werd; Hsederasstidnol | ows: M <NOF
1%!?_aatri8>éc_@,ssgi\aﬂeg Q>ser deserptien igpigabipay
2ahcH,toght, ESI Hor el ém&;zgtspray i oni zat | oH, for L
nmol ecul ar wei ght,f (m+l) Tor MH ion peak, (mt23) for
MNa+ i on peak, etc. 9

CO,Et

Method C: N-alkylated guanine derivatives were synthesized as properly

protected according to Scheme 3 or with minor variations thereof. Such
guanine derivatives were used to synthesize PNA monomers containing a

nucleobase represented by Formula IV as a guanine equivalent.

Scheme 3
o)
HN N\ NHy-L3-NH, HN N\ Boc,0 HN N
SN O A T N Lo I LY
X7ONT TN HoN"=3 >N N7 TN Boc—N~""3~N" N7 N
H H H H H
X=ClorBr h i
o)
N
HN
1) NaH /UI\> .
Boc—N"-3~N)§N N !
2) BrCH,CO,Et H R

LCOZEt

First 2-halohypoxanthine was reacted with a diamine at high

temperature to obtain compound h, which was then reacted with Boc,0 to
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Sol vents Wdely accepted abbreviati ons were used for
solvents as follows: THF for tetrahydrofuran, MC for
woredobsisee chl oride, DMF for di nethyl formam dePCEKRRD09/001256
for ethanol, MeOH for nethasol, DMSO for
di met hyl sul f oxi de, EA for ethyl acetate, and so on.
Reagents Popul arly accepted abbrevi ati ons were used
for reagents as follows: NaH for sodi um hydride, HC
for hydrochl oric acid, EDCl for 1-ethyl-3-
giveXQnpeung|i wﬁmmom)lcﬁaa%dsprcvﬁo@ét avithe Nadt iangl alkylated

BTy bR SRR RRBLARS o000, '

di -t-butyl-di carbonate Cbz for benzyl ozycarbonyl
Froc for (9H-fl uoren-9-y met hoxyc bon g
( berf¥¥S] dYRES Qfo?"éAZmO"M‘QTQO‘Qﬁ@lém '@mtzsaelther
syl t
Meffod 0. Fﬁ{“%“%%%%%%t? i tSWO"sPa"e%fs eAF%'r"'a L PNA

oligomem(wemcpteparedl by Ratedene, tIncet(\lvwthanageneDbEA Danejon

ol bR TRE B SRS G oS B e of

CTMBIZ- {G(lt%"hit'l ,FNAR-Mbhomers of type q of Scheme 5 were used in-
met hoxycar bonyl'} ami no- et hyl | gl yci ne Froc- Aeg- Ove for

howss Higr the synthesisc ohAnPMA) ealigdrersl yasicardisg to the method
dexcERBel 3 His o 19 063 Witbe. g meslficiipryg) thereof. (USP

613I:g.su4qp| nyl N-[2- (Fnoc-am no)-ethyl[-glycinate, HBTU
for O-(benzotriazol-1-y1)-1,1, 3,3- tetranethyl urani um
hexaf | uor ophosphate, DCC for
Me]ch(:j’c'idtb_cyclJ RENAFhAAWiH dem &g\ﬂeaon@aeobﬂed%é(re prespared
abbr evi 5t 1'ons wer & Us2 erni nol ogi €s

aco‘omdiilngv\&o Seheirer 4redit ivaigh paiindr @rfa@bn@gtl@eoﬁ as properly
mn for Qhers m_ nut

Pr%?gﬁpu%@ tperPNA\ncitg@%ﬁ syghesis methagy %ﬁcr'ﬁeﬂdn et lgerature.
Il izt / fp
08, 18 308,31 2008 * y, SOFRE, €L cHRIRRE oy

coreéspmmal do 1corApepadati oh Saheme 1, compound g of Scheme 2, or

copRUBAG & S8 . SIOWEam WAy 7105 oo ARcrssaTiysmijed tonone of

tho%%%ﬂerﬂ‘c’ﬁnﬁﬂ%é?om 7 water, was added drop-w se over
Om n 40. 79 of Boc20 dissol ved in 100m 8 THF. After

the reaction mxture was stirred for 24h, the THE was

removed 9 under reduced pressur,e. The resulting aq

| ayer was extracted wt % 4EA 10and the organic

| ayer was washed with 0.5Maq citric acid and with

distilled 11 water, and then dr%edoover anhydrBous

magne3| um sul fate. Magnesggu 2rulfate was fil%tered
andad v, uaesul €ing fil tﬁ?at\e \V\ﬁt‘s\oébncent ratege9 e m

v %o to 13 give 2 f compd—t=as = col et‘slh}a&/hj\gﬂt

1ENVR P400MHz; CDCI®): 5 encB40BT, DMF OFt
k 1
B
B o
1) aq THF, LiOH (o) o EDCI, DMF K‘f
e — N

N ©Q ‘
Bts = (:l: \>—ES'>—§ B = Protected Nucleobase
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14(br s, 1H), 3.66 (t, J = 5.6 Hz, 2H), 3.28 (q, J =

6.0 Hz, 2H), 3.05 (br s, 1H), 151.66 (m 2H), 1.45 (s,
wOR)09/ 118284 7Exanpl e 2: Preparation of ethyl PCT/KR2009/001256

{(N-benzoyl) - 5-i odocyt osi nepsl-yl }acetate (2). WO

2009/ 113828PCT/ KR2009/ 001256 29 1To a stirred sol ution

of 8.3g of N benzoyl-5-iodocytosine dissolved in 2

60mL. DMF, was added at OC 1.06g of 55% NaH i n m neral

oil, and the 3solution was stirred at RI for 2h. After

2.7ml ethyl bronpacetate was added 4to the reaction

T HfsE et K SRS LOReSR kb ORLASe SHdrbfdis” B8 ATRLNGEI |
whiahl ventwagsder teghuiced owpledre oVitte r esethying r @$i[2H{N-(2-

was di ssol ve the ins ble material was filtered
begzqthiazefipyhsu ﬁqnal%émwaéet&a ncmm t {ore OB, sampoAngy m.

Cogﬂ?cﬁ{ﬂﬁé’ '?\H"R!I q‘fydr@ é/géae\ﬁutﬂvﬁbl-ﬁfﬁﬁy& Qu%sgﬁgnﬁﬁiéh”bvas

COﬂC nt’r at I N vacuo resu

- cydlieed dme amaﬂ)@hcodipletg Igya atimlru ton oddtamrratcmigjﬁed) HBNA Indmomer

Theateraca) Suactyre 85t BVA gnofiories ‘Agkies 23sEned i scheme 4
thrBGBHMﬁF th%htlgnlﬁl\?eh tRat §ud3r"a955|g$re%7 P(\g\ mé‘mcmér? have

suczeas‘u(ly yue:lded?PmXHzllgcghprs i ﬁlge dlggragmp (@r_czﬂefg(\(pl 9 3291-
32§3é€@ 1.32 (t, J =7.2 Hz, 3H). 14 15Exanple
rati on of
3-{3-(t-butoxycarbonyl am no) propyl oxy}-1- 16pr opyne
(3). 17 180ONHBoc 19 20To 6.5g of 55% NaH in m neral
ﬁhp_disp@t@@atlvﬁm%wmmmprnersowthza madifiegdadcleobase were

f
ordfFE84, SE-HEly 15, SHReRRD £/ort ITER hind ol ol o as
prdr%i% pﬁd»teetw forl tHe PNA wligoAiadgedheliopnethee pusiided in the

e reaction m xture was stlrred t R for 20h.
prlga Brhel g > 1 B lquesharee bycQMeAUWdadidmiy s8BRIPONd
L 4apdafT 5 r
oficRind € o SEhETE  FasO AR, ¢oF Szaé‘%&i‘??‘ic@égémﬁmd j of

Sclasoeil3 Ehowelier imayp siotabaenbc@ssantpsdlimited 2bome obitbose ester

The 27 organic | ayer was dried over anhydrous
COMPANEYSum sul fate, and magnesi um 28sul fate was

filtered off. The resulting filtrate was concentrated

in vacuo and 29 subjected to col unm chromat ography

(5:1 Hexane/ EA) to afforSthem&$ of 30 conpd 3 as a

yellow liquid. 1H NVR (400 MHz; DwVs0d6) 8 6.78 (t, J =

5.2 WD 2009/ 113828PCT/ KR2009/ 001286

H
Fmoc. /\/N\)j\ B
1) ag THF, LiOH N OMe Kfo o P
© I\fo Fmoc N\)]\
2)H* N OMe
OEt OH EDCI, HOBT, DMF H
k |
B
1) aq THF, LiOH O
_— o Fmoc = (9H-fluoren-9-yl)methoxycarbonyl
2) H* Fmoc. /\/N\)l\
” OH

First acid | was coupled with ethyl N-[2-{N-(9H-fluoren-9-
yl)amino}ethyl]-glycinate to obtain compound p by an EDCI coupling
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30 1Hz, 1H), 4.09 (d, J = 2.4 Hz, 2H), 3.43-3.39 (m

3H), 2.95 (q, J = 6.4 Hz, 2H), 21.60 (m 2H), 1.37 (s,
wORb)os/18384EXxanpl e 4: Preparation of PCT/KR2009/001256

4-{2- (t-butoxycarbonyl am ng)set hoxy}- 1- butyne (4) 5

NHBoc 6 7 8To 3.8g of 4-(2-azidoethoxy)-1-butyne

di ssolved in 17m THE, were 9 added 7.2g of

tri phenyl phosphine and 0. 7m water, and the reaction

m xture 10 was stirred for 8h, whi ch was fol |l owed by

reacigBy ail hen compewd envas melsiy hYdéﬂ)ﬂl%ﬁWﬁhels% to cbh@n PNA
g solved in 20nl EA and 12
moﬁ%ﬁé@ég&jﬂﬂ#\%%%%ﬁvﬁ'%ﬁ%@rrébgﬁaq HCl . Ag sodi um
car bonate was added to 13 the aq Iayer to adj ust pH to

9 - _10. . of BocZO di ssol ved 5mM THF .14 wa
aololéi1 ﬁ)@ﬂga mampean&oms@nr&&tﬂ% rﬁ%@FUPBO%SOf the

pre?)‘t:]airét'ic?rﬁlI fﬁﬁr thdd&- c;'r5 C%frﬁ[\?va SurldE ¥PShILTRY édetalled

e resu ng so ution s extracted w ngA_
desmrigdioins bhybesmzamiﬂsedrwprése@téiﬂfaq |Id1usttraitiyeap0cposesdonly

and 5011851 o SO SR SRS csiumatl oL, The 8T 9R0L on

Mdéhr@m%hé'ﬂa‘ acn%mné@ éeﬁ?lbﬁBﬁé EAl V\ﬁtkﬁﬁfﬂfed SE%%QC %ﬁ'\dlgerve to
4 as a l ow oil. H NVR (

eXG(fESFfYI—Uhe 3&83\(et descrdbezb({SE\lE&AL ZFHSNTE%EHQ PROCEDUBE$ whlch

forflia, Pty Thgcveflion 58 SBbueditiort; ettt fifbwing

exaph I%s{al‘e(defbiéﬁ%ymfmaw t4tsie et hoxy} - 1- propyne
2405) 25 0 NHBoe 26 27 2820g of

2-{(t - but oxycar bonypami no} 1- et hanol was reacted and

as a paIPeoty:eImmiﬁaomagnatld—relsmﬁar(céooml-nzrgsdmﬁgdWRSdata widely

316. 81 ,

Sty 3| Gbearttd gobrefiegofl wlslyskas o b rogsiidiel  for
1 bR 11 882BRCTY RPN QFer§Gar8t, mh for multiplet, br for broad, J for
coupling constant, CDCl; for deuterated chloroform, DMSOy¢ for hexa-

deuterated DMSO, and so on.

Mass spectroscopy. In presenting MS data, popularly accepted
abbreviations were used as follows: MALDI-TOF for matrix assisted
MS laser desorption ionization time of flight, ESI for electrospray
ionization, MW for molecular weight, (m+1) for MH* ion peak, (m+23)

for MNa* ion peak, etc.

Widely accepted abbreviations were used for solvents as follows: THF

for tetrahydrofuran, MC for methylene chloride, DMF for

Solvents . .
dimethylformamide, EtOH for ethanol, MeOH for methanol, DMSO for
dimethylsulfoxide, EA for ethyl acetate, and so on.
Popularly accepted abbreviations were used for reagents as follows:
NaH for sodium hydride, HCI for hydrochloric acid, EDCI for 1-ethyl-3-
(3-dimethylaminopropyl)carbodiimide hydrochloride, HOBT for 1-
Reagents -

hydroxy-benzotriazole, Boc for t-butyloxycarbonyl, Boc,O for Boc
anhydride or di-t-butyl-dicarbonate, Cbz for benzylozycarbonyl, Fmoc

for (9H-fluoren-9-yl)-methoxycarbonyl, Bts for (benzo[d]thiazole-2-
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2Exanpl e 6: Preparation of
3-[ N-{3-(t-butoxycar bonyl am no) propyl}-N-(t-
w@bagvaxigzear bonyl ) am no] - 1- propyne (6) 4 Boc SMNFRR2006/001256
7To a stirred solution of 28
N-[ 3-(t-butoxycarbonyl am no) propyl]-N-(2- 8
propynyl )am ne di ssolved in 83nm THF and 95m water,
was added drop-w se 9 429 of BocZO at RT. The reactl on

bUTUlI QIr WwdoS bll 1 C I UIIbC”lICll cu III

vacuo. | THéonydsBist¢lifgr étzfnlzayiélth'me éxwﬂfaeylgblqmd@h@r\for

The 115J?rlfiltﬁ}f85ce‘f@5‘adéa$ﬁ@%ﬂ ’t‘?leﬁﬁﬁ-bﬁ%é’\"ﬂé’k fHravhaq
citricjacid and brine, dried over 12 anhy dr ous
nmagnesi GM%PPH?@y'aGB%é@H é@rehrhwmévdrpé'dec/é%g for N-(2-

Pr essul @midhyiiy RiHd, Fid-Adg-OR! fdrN - eh{(mmgeéra@%
(1: 1 He¢xanel/ EA to i ve 199 of corrg as aty%/el | ow
€26MPk

oi | . 1HMatroxysatonyfardpereshyllalycn TAeg-Ollegiqy methylN-
b 0

gt r 3 | @2 ‘@F'?Quoc 3%£gthg@?§%1na%m& @@gzb?ﬂu :ﬁ)rléﬁl'\%al N[

1.73 ( (Frmn) amlncxig hyB-glyspate, fnzpff heg-O5p)fe or h7surgipybiNgRe

7 Prepg r(lﬂﬁb@@nﬂ'fo) ethyl] glgcmate HBTU for O-(benzotriazol-1-yl)-1,1,3,3-
3-[2-{2, 3-bi s(benzyloxycar bonyl ) guani di ne}- 19

et hoxy] Iqtram@ ylﬁ@mwm hegafiygsoposPhateBEG for 13514*@@@

the reqdVigly awf:emasd @bhe@y'a@sgf mefeeusetdofpr terminalegiess follows:
The reagid rﬁak.H§ g%thf&%gﬁ%t.haée@&uwﬂ%r haér %qusﬂ
ressufe and the resulting re ue was di ssol ved
e MEmiputecy forrgtas. whg dor rwﬁlsgrar@dmijrzﬂgmanmf\oaht@r ml for
t hen 8.
2 (et by d O AT RO F CLBOYd, oo agupns, BT for
was st il Feem tempergiurzganthgo @shed twice with water. The
organi c |l ayer was dried over anhydrous 30 nmagnhesi um
sul fate, concentrated in vacuo, and subjected to
Exaroplenlt Ri€pacdidnlat 8 A8FEIakiR24168h90drabo} 3P ptopanol (1).
chromat ography (5:1 hexane/ EA) to afford 9.8g of conpd
7 as a white solid. 21H NVR (400M+z; DWMS0Od6) 8 11.72
(s, 1H), 8.58 (s, 1H), 7.40-7.35 (m 10H), 35.18 (s,
HORH)y~\ 5NHBoq s, 2H), 4.18 (d, 2H), 3.67-3.66 (m 4H),
2.43 (t, 1H). 4 5Exanple 8: Preparation of
2-{(t-butoxycarbonyl)am no}-1-(2-propynyl-1-
60xYTp} 14&) ob 3oamivgo-(18propanol dissolved in 150mi THF and 150ml

water, was added drop-wise over 30min 40.7g of Boc,O dissolved in 100ml

THF.  After the reaction mixture was stirred for 24h, the THF was removed
under reduced pressure. The resuiting aq layer was extracted with 200ml EA,
and the organic layer was washed with 0.5M aq citric acid and with distilled
water, and then dried over anhydrous magnesium sulfate. Magnesium
sulfate was filtered off, and the resulting filtrate was concentrated in vacuo to
give 25g of compd 1 as a colorless liquid. 'H NMR (400MHz CDCl3): 5 4.84
(br s, 1H), 3.66 (t, / = 5.6 Hz, 2H), 3.28 (q, / = 6.0 Hz, 2H), 3.05 (br s, 1H),
1.66 (m, 2H), 145 (s, 9H).

Example 2: Preparation of ethyl {(N-benzoyl)-5-iodocytosine-1-yl}acetate (2).
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7 7 8 9 1010. 8g of t-butyl

(R) - 1- hydr oxypr opan- 2-yl car bamat e was reacted and
waiganifseed by simlarly foll owi ng the proceduP€r/KR2009/001256

described in Exanple 3 to 1 afford 10.1g of conpd 8

as a yellowoil. 1H NWVR (500MHz; DMS0d6) 8 6.63 13(d,

1H, 4.11 (d, 2H), 3.60 (m 1H), 3.37-3.33 (m 2H),

326323(m 1H), 1.38 14(s, 9H), 1.05 (d, 3H). 15

16Exanpl e 9: Preparation of

N [ 21 2-stircastis@litienrafoh g )efniNrleenzeykypr edegytosie dissolved in

o Al B 250 SKEYBF S A TAERAESL B i

solﬁtlbhwbthﬂEd)atJRTOer}Zi‘i hyAftéYZZr'E’hﬂae‘thylubideﬁ@é@etaﬂ@dwas added
5.32g of 2-[2-{2-(t-butoxycarbanyl)am no}ethyl-1-
to 6&9]r§@ﬂwarw'ﬁ@rentfmrmaca@@t %mutlsam\@as we\@reaof@é@nother 24h at

RTIWVPRAWER 110 e?ifb Ja¥ B 26heC 80 IPQRALRIEE $8QLY&GS rBssure.
0 %’ ﬁ?&o) fj oweg %/o ?é

‘wat er - at sol ution was a
ThelrewilyngﬂeudUe Wﬁé dnssblsded raneldtHeoinsalubtid emat2Abl wasdiltered off.

Th 2@ foncentragg under 26 r duced Eﬁgessure The hlorid
¢ dEHRES MPS ¥&shg %tkﬂ“%ssé’f' §afHame 2Q0aHepRYy M chioride,
dn@ﬂtGVé’i'aSﬁﬁydrBUE rﬁégﬁéﬁu‘}nﬂ ?UI%te""%ﬁd@é‘ﬁc%ﬂtfa%&%%%uo The

di ssol ved 1 n 80mL E 28 and 80mlL water, to which was
resalting residge ofasBowHiiect by susllvea ¢hrobtatogmahy (ol Hesane/EA) to

i Q mxt r tirr at RT,for_ 16 whi,.ch was
yielG B3l Byree % 150l i eedme Taciie Jelow Tkl 15 154-
5°@v| tiy MARTtImOM e@na:chwqrs 3/1a%br3%v\@ﬂblesl 37N ef E€B2WHEN2H),
5Maq citric acid, water, and brine. The organi c
7. 6@0@97&&3@2% BT R b ddrh,23663(3 AFayérHiadHX |4+4£9d (sovéd), 4.27
anh uf entrated, and purified
(q’t{‘;_?qco jhrgg}(né\tjog‘r”ytazrg)ﬁy’ ?E‘ 'xane 4 1:4 EA/ hexane) to
obtain 2. 459 of 3conpd 9 as a pale yellowoil. 1H NWR

(400 CDC13) 8.5.08 (b .5H), .44.93 (b ,
_émﬂlﬁ)%s 61P @p)@eat(c?ﬂ Pi(H)3r E% tsbuzq:sby@@qnyian(zm\rooﬁﬁommy}—l—

51.48 (s, 9H), 1.46 (s, 9H). 6 7Exanpl e
pr&paﬁ%P§gpar atl on of ethyl

246-{ 3- (t - but oxycar bonyl am no) propy1l- 1-
nBoxy} - net hyl - 2- oxo- 2H pyrrol o[ 2, 3-d] pyri m di n-3(7H) -yl
\\aeét\are\ﬁb?‘?c 9 BocHN

To 6.5g of 55% NaH in mineral oil dispersed in 150ml THF at 0°C,
was added dropwise over 15 min 25g of compd 1, and the mixture was
stirred for 1h. After 17.5ml propargyl bromide (80% toluene solution) was
added drop-wise over 30min, the reaction mixture was stirred at RT for 20h.
The reaction was quenched by slowly adding 250ml water and THF was
removed under reduced pressure. Then the resulting ag mixture was
extracted with 250ml EA, which was washed 3 times with 250ml water. The
organic layer was dried over anhydrous magnesium sulfate, and magnesium
sulfate was filtered off. The resulting filtrate was concentrated in vacuo and
subjected to column chromatography (5:1 Hexane/EA) to afford 22.7g of
compd 3 as a yellow liquid. 'H NMR (400 MHz, DMSOqe) 8 6.78 (t, / = 5.2
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10 11 12To a stirred solution of 6.5g of conpd 2

di ssolved in 120n. DMF, 13 were added in series 580ng
wobooeuizs2gl. 2m TEA, 9. 74g of conpd 3, and 1. 76BCT/&RG09/001256

Pd(PPh3) 4. Then the reactigp m xture was stirred for

24h at 50C wi th 15light shielded, and concentrated

under reduced pressure. The resulting 16resi due was

di ssolved in 250nmL EtOH and stirred at reflux for 18h.

Then the 17 solution was concentrated in vacuo and

Hzsib) 602 ddt d TRz ihaphdc3.33 (Bepl)aiPn (q.96=56.4 Hz, 2H),
t t bgain 2.3g of conpd 10 as a dark red 19
15%@'@? Fdﬁ @I—Pﬁk/R (400MHz; DMBOd6) 8 11.30 (br s,
1H), 8.37 (s, 1H), 6.78 20(m 1H), 6.19 (s, 1H), 4.70
(s, 2H), 4.37 (s, 2H), 4.14 (q, J = 7.2 Hz, 2H), 3.42
Exampled:) Rrepanatipn o)ig—i2-fzt.-b@twmar@mylamleg)qthpxm:butyne 4)
1.36 (s, 9H), 1.20 (t, J = 7.2 Hz, 223H). 23 24Exanple
/%L'\GP/r tion of
A2-[6-{3- (tNe%xycar bonyl ami no) propy1- 1-

250xy} et hyl- 2- oxo-2H pyrrol o-[ 2, 3-d] pyri mdin-3(7H) -y
| Jacetic acid )

20097/01ﬁ:?@@rﬁcﬂr%kﬁzeimtbgaﬁskbgnyqer@gowdom dofrpld Thib, were

ad{&{ﬁ ?Q_g ?q?éﬁgﬂx éFg]spfﬁmggan\éﬂ)?mdﬁgfé f:#ﬁcﬁ' tﬁeigg%n mixture
wasAfsttE{eth Her V&5 \Elhrc?rrwaedfdﬂ@d@’dh Ibgd t@tﬁgvﬂr g;ﬁstlhi‘ee solvthﬁt under
redykg arefe?%ygﬁ Then dbe destl Eaafrgs',esmeé“waﬁ issel ee&G mé@nﬁﬁiﬂi\ and
ext?acﬁé& "t Wit tlbnEAl T%kg Htrl.gaghcsdo‘i‘é{ﬁ{ cHBRdridte %soé(&&ed to

ydrous sodi um te and'concentrated i n vac
thet aq Jaydrdato2adjbigt eH mm?pel 10 #5969 \d’ﬁlB(B:z(Dsdissdlvedth\l\%I THF

wa§fq5%ocj\% ;tq DIYESdG?HIDO r@ﬁl?% gn }[’?12( ur(es w’%,_s;tlrrggdfpr 12h.
AftéF T H?F"Qvas 2re9r70\(é]:l i vac@o AtH& res%'ﬁ)ng? %%llﬁ?or( '%asZEQtrac]teaﬁwlth

11Exanpl e 12: Preparation of Il:é
EA. |\|-le@ {o(rgermgdpyjqzlt Waaz\ManﬂeZJ- wuhf@EM pantitrg acit and dried over

anfBidS P NABRESY SR OTHE 2R OB hedriaibhMand
purlﬁwrb&@ol\llhgﬁ eHrpydtay i pghy3(FH) Pexbaesta) ltel wefordt 84g of
compd’4 as a yellow oil. 'H NMR (400MHz, CDCl3) 64.95 (s, 1H), 358 (t, /=
6.8 Hz, 2H), 3.53 (t, / = 5.0 Hz, 2H), 3.32 (m, 2H), 2.46 (m, 2H), 2.00 (t, /= 2.8

Hz, 1H), 1.45 (s, 9H).

Example 5: Preparation of 3-{2-(t-butoxycarbonylamino)ethoxy}-1-propyne
(5).

N
AN
\/o\/\NHBoc

20g of 2-{(t-butoxycarbonyl)amino}-1-ethanol was reacted and
purified by similarly following the procedure described in Example 3 to
afford 23.7g of compd 5 as a pale yellow oil. *H NMR (400MHz; DMSOgs) &
6.81 (t, 1H), 411 (d, / = 24 Hz, 2H), 341 (m, 3H), 3.07 (g, / = 6.0 Hz, 2H),
1.38 (s, 9H).
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0-7-/ 15 16 17To 4.0g of conpd 11 and 3.6g of ethyl

N-[2-{(benzo[ d]thiazol e-2- 18
wa@ obangky anmi nol et hyl ] gl yci nate di ssol ved i n 3PO/KRXMB9/001256

were added at Rl 19 2.42g of; EDCI and 1.70g of HOBt.

The reaction m xture was stirred for 8h. 20 After the

sol vent was renoved in vacuo, the resulting residue

was di ssolved 21 in MC, and washed with 1M aq HCl and

then with water. The MC | ayer was 22 concentrated

under reduced pressure and purified by colum 23
ExarpRIM60gPAIPaYati®Y: DfM3I- (tisute @Irbo 186nind)pEe N-(t-
_IZpas_ayeIIOW24foarrisgfIQ?{H.) 1H N 'gyl\/l—|z E;I\%WS(L ¢
butpxyrcargopyharginol+h-prepyne (&), 0. 6H) , 258 58 (s, 0.4H),

8. 27 (m 1H) 8.20-8.14 (m 2H), 7.66 (m 2H), 6.56

br St 266.16 (m 1H), 4.91 (s, 1.2H), 4.73 (s,

4 38 s, 2.6H), 4.17 (m 0.9H), 4.07 WO
\]/].’3828"-" KR2009/ 001256 35 1(m 2.5H), 3.67 (m

1.1H), 3.49-3.44 (m 4H), 3.26 (m 0.9H), 3.01 (m

2H), 1.66 2(m 2H), 1.38 (s, 9H), 1.24 (t, J = 7.0 Hz,

1.2H)q 4. sti‘r‘re(ct solutrory. of Hit-[3At-Bfoxygad®mytarnna)propyl]-N-(2-

rat| on,. of

Pr‘r@t"gf APHRR Areafvadt in 83l THE 219d Apm! anaten) WesgAgled drop-wise

42§No[‘ 2BOELB-Att RtFUt ORNE afdaetivh a8bEbR" W%‘élsﬁrr@&y}é@tlh% and
oxo- 2H pyrrol o-

cosgentpatayl- lpyYaCmOdl he(Esylting agelayer waycxactadywitly EA. The

EA B vts Vigsheg bl e V1t P a1 a0l P bl Bing over

anBydrend R{ghevinersulfane sbhcdrtrhtat EihdérOYrea@cfEdW présdure, and
puaﬁs renoved in vacuo, 12and the resulting ag sol ution

ed \RysERlIENMA t‘-w%n@ﬁqwap@f kbt H@ﬁ@eéﬁﬁn t&ygwellﬁgm compd 6

t t
os Bl L, AR ORMA L COChh 5 A4y S0IHE! B4R, 0an)
4.05uldrad, eLHING. 980(bres)t1r+a); S of = reedl H2 2H)S Br1Ss Gquy 2Hp,02.21 (t,

1k dbomzickeade o0, 105E Brb e, 1n). 8. 36 (m 1r).
8.28 (m 1.6H), 8.22 (s, 170.4H), 773(m2H) 6. 78
é[gh 9512 ( f'l%gg%bdtlog ng(g-éé%% b ( %pi%yéoxy%g%ﬁyl)gu%@dino}-

a- ne. 2H), 3.87 190. 8H), 3.43
etﬁdﬁ}d ngpy (?7 (ml E%, (m 2H§m1.37 (?? 9H) . (m

“ NCbz
\\/O\/\uJ\NHCbz

To a stirred solution of 10.9g of compd 5 dissolved in 110ml MC, was
added 110ml TFA at 0°C drop-wise over 2h, and the reaction mixture was
stired for another 3h. The reaction solution was concentrated under
reduced pressure and the resulting residue was dissolved in 40ml MC at 0°C,
to which was added 12.3ml TEA and then 8.8g of 1,3-bis(benzyloxycarbonyl)-
2-(methylthio)pseudourea at RT. The reaction solution was stirred for 4h
and washed twice with water. The organic layer was dried over anhydrous

magnesium suifate, concentrated in vacuo, and subjected to column
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20 21Exanpl e 14: Preparation of

1-{(benzo[ d] t hi azol e- 2- sul fonyl) } - 2- oxo- 4-[ 6- { 3-
WQ@2¢vAmseoxyca rbonyla m PCT/KR2009/001256

no) propy1l- 1- oxy} net hyl-2-ox@-2 Hpyrrolo [2, 3-

23d] pyrimdin-3(7H) -yl]acetyl]piperazine (14). 24 WO

2009/ 113828PCT1KR20091001256 36 1 24.4g of conpd 13

and 1.49g of EDCI in 50nl DVF were stirred at RT 3for

16h. After the reaction mxture was concentrated in

chrpspategraphy (x& hexpae/EA) tesafiere 489 ef g@mndea asna sdwie solid.
1H &@AR;@WE%N}H@ ) 438, ﬁig!‘eﬂi)' B SEId O o hedﬁ'?.s%'\/{rﬁ, 10H),

wat €r,” concentrated'i'n Vacuo,
518Uk 2HR &. 1Y (5 2¢D)) 48 (dh2H)red.©2H3681Ym( AHgtmﬂt, 1),
obtain 1.5g of conpd 14 as a brown 7 foanisolid. 3-H
NVR (400MHz; DWMb0Od6) 8 11.25 (br s, 1H), 8.36 (m 1H),

Exagﬁgl%g im ﬁr@bara%o%f’ c(fS '2 Rt %oxﬁ“g or@ﬁ)aﬁlﬁn'\ HJ A- (-ngﬁdeynyl 1-

oxyh}ﬁk-))prapm((se 0. 8H) 4 51 (s, O. 8H) 4.37 (s, 2H),
4.29 (s, 101.2H), 4.23 (m 1.2H), 4.06 (m 2H), 3.87
(m =0.8H), 3,41 (t, J = 6.4 Hz, 2H), 112.98 (q, J =
6.8 Hz,02H#Z 1.62 (m 2H), 1.36 (s, 9H). Ms/ESI

Boghifr237'MNa+) = 12682.2 (observed), MW= 659. 8
(C281-133N708S2). 13 14Starting from acetyl ene

I
20 A9 ¥ s, TRy Rl SR G BRTE afkRrbe il s 2agieg and
puﬂﬁ@@fb)besﬂmﬂﬁrlﬂﬁfaﬂ@m tlfé proé&dural d%@&lﬁ&d’ﬁhcakarﬁalea?: to
for caonpds 15 - 20 are provi ded in 17 the table below.

affard 192gaphreapds8 aszpyellowiafk i ¢HI NYR 456QVHZ; DMSOde) 5 6.63

@ B BT A T B TR 23 0 2y 20 s . 100, 138

(s, BHIEHNDS (8, 3H).

Example 9: Preparation of N-[2-{2-(t-butoxycarbonyl)aminoethoxy}ethyi]-N-
[2-{(3-butynyl)-1-oxy}ethyl]-N-(t-butoxycarbonyl)amine (9).

)
Boc '

To a stirred solution of 5g of 2-{(3-butynyl)-1-oxy}ethyl
methanesulfonate and 5.32g of 2-[2-{2-(t-butoxycarbonyl)amino}ethyl-1-
oxylethylamine in 60ml acetonitrile, was added drop-wise 3.6g of potassium
carbonate dissolved in water at 0°C. The reaction solution was allowed to
slowly warm to RT and stirred for another 24h, and then concentrated under
reduced pressure. The resulting residue was dissolved in MC and washed
with water. The organic layer was concentrated and dissolved in 80ml THF
and 80ml water, to which was added 8.4g of Boc,O dissolved in 50ml THF.
The reaction mixture was stirred at RT for 16h, which was followed by
removal of THF in vacuo and extraction with EA. The organic layer was

washed in series with 0.5M aq citric acid, water, and brine. The organic
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cs, " 1-1-1 NVR (400MHz; DMBOd6) 8 11.12 (s, 1H), 8.27

(s, 1H), 6.79 (t, J = 5.4 Hz, 1H), 6.00 (s, 1H), 4.68
W@ 200928828 4. 14 (q, J 7.2 Hz, 2H), 3.65 (t, JPEI/&RB)09/001256

2H) 3.39 (t, J =6.2 Hz, A9, 3.08 (m 2H), 2.78 (t,

6.6 Hz, 2H), 1.37 (s, 9H), 1.20 (t, J = 7.2 Hz,

3H). Pal e green foamsolid. WO

2009/ 113828PCT/ KR2009/ 001256 37 16 5 BocHN ) 9

avvi vvs, 1H NWVR (400VHz; DI\/BOd%) 5 11.35 (s, 1H),
Iayggwaﬂquledaogqr anhydrous sodiyp su Bje, cgnggn(rgtedl}qu p,urrf@)ed by

ol Sty ok 5 69 Qypolfer, e’ o

iipd SHs. #gdate yellbwvoif. Odlﬂ BIVIR 4 ﬁOGMl—& Kde) 8 SRR kb 4,H).5H),

493'“@;64%85% é-’l“@ofé 18P 34 (2 248 frm. 216 Lo & 1H),
LB 96, Wud 5 9‘“)3“%5 ?5760.(2L|)? ko (s 1
(g, J:72HZ, 2H), 3.18 (m 2H), 2.90-2.88 (m 2H),

YT IRESE wrE o o AT R
ox%@@ﬁ){)@lbxéuﬁa oIo[]2]3 %%)(rﬁmdlﬁ% 718)- ?@aéé’fbtelgj)ogss 37
503(s 2H) | 470(s oH), 4.44 (s, 2H), 4.14

NI

Boc(l-tN 357%53(m 4H), 1.21 (t, 3H).Pale brown
sol d. HI\% 9 1H NVR (500MHz: DMSOd6) 8
11. %2%33 1H), 6.71 (d, 1H),6.20 (s, 1H),
476 NA1 (m 2H), 4.14 (q, 2H). 3.65 (m 1H),
3.37-

To a stirred solution of 6.5g of compd 2 dissolved in 120mi DMF,
were added in series 580mg of Cul, 4.2ml TEA, 9.74g of compd 3, and 1.76g
of Pd(PPhs3)s. Then the reaction mixture was stirred for 24h at 50°C with
light shielded, and concentrated under reduced pressure. The resulting
residue was dissolved in 250ml| EtOH and stirred at reflux for 18h. Then the
solution was concentrated in vacuo and subjected to chromatographic
separation (955 EA/EtOH) to obtain 2.3g of compd 10 as a dark red
foam/solid. *H NMR (400MHz; DMSOge) & 11.30 (br s, 1H), 8.37 (s, 1H), 6.78
(m, 1H), 6.19 (s, 1H), 4.70 (s, 2H), 4.37 (s, 2H), 4.14 (q, / = 7.2 Hz, 2H), 342 (,
J = 64 Hz, 2H), 298 (m, 2H), 1.63 (m, 2H), 1.36 (s, 9H), 1.20 (t, / = 7.2 Hz,
3H).

Example 11: Preparation of 2-[6-{3-(t-butoxycarbonylamino)propyl-1-

oxy}methyl-2-oxo-2H-pyrrolo-[2,3-d]pyrimidin-3(7H)-yl]acetic acid (11).

BocHN

N—{ _ coH
HN
O A
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(m 1H), 3.26-3.22 (m 1H), 1.37 (s, 9H), 1.20 (t,

3H), 1.02 (d, 3H).Pale brown solid. 20 9 BocHN o )
woBme/10824H NVR (500MHz; DWVS0d6) 5 11.13 (s, 1POT/K&2@5/001256

(s, 1H), 6.73 (s, 1H), 5.994s, 1H), 4.68 (s, 2H),

4.12 (g, 2H), 3.67 (t, 2H), 3.48-3.27 (m 10H), 3.04

(g, 2H), 2.78 (t, 2H), 1.38 (s, 9H), 1.36 (s, 1H),

1.19 (t, 3H). Brown solid. 128tart|ngfrom

pyroIIo tosine derivatives 15, 16, 17, and

modi 1a 8% of yaasepd el bnmestadded s1zm! T Hf43@mleN@teépanddthen
76@@5 Lx@ aﬁrﬁé’ tﬁg ijn&g; W%Eest‘#regf Sﬁﬁqu{o?szdj?r?ﬁ“ R?{éé'fHF was

si cal data f or

remomxﬂmnﬂkr -reéélied pr@:rs;)ve dee nesultlhg &@bblﬂltmizml\us \@ash\éﬁ with
2009/ 113828PCT/ KR2009/ 001256.38. 1 Exa es 21 -
diefhy; 9¥ e(fal 8t adf V%W%@ﬁ@'!ﬂ%tﬁoﬁb'rnrgr Wity 1Mzag Bl and

oxiasbe e, O Ut Bl (e TRl s

sulfavB0alty c®nténbétedsjn Mdruo8ta3Gieldn 2.464 ofSCd’r&pdrTﬂ-llalri) a white

BORENENCI W VSO Ml MO S

61? &l 1(;09 4@58§) 2H; 21%3(H§s 214)23')41 @, %ﬂ)(mwls_cg'd) 6.40fz, 2H)

163, (B8 2H), 1B6=(s6 bI)Hz 2H) , 307(m 2H) , 278(m 2H) |

1.37 (s, 9H). MS/ESI (m+l) = 660 2 (observed) MW -

659, 8_( C28H33N708S2) . Br own
Example 12: Preparation of ethyl N- [2 {(benzo[d]thlazole 2-sulfonyl)amino}-

ethyl]-N-[2-[6-{3-(t-butoxycarbonylamino)propyl-1-oxy}methyl-2-oxo-2H-
pyrrolo-[2,3-d]pyrimidin-3(7H)-yllacetyl]glycinate (12).

NHBoc
0

J NH
=N

|
N/&O
0

Bts~ ) ~N-_-COE
H

To 4.0g of compd 11 and 3.6g of ethyl N-[2-{(benzo[d]thiazole-2-
sulfonyl)lamino}ethyllglycinate dissolved in 30ml DMF, were added at RT
242g of EDCI and 1.70g of HOBt. The reaction mixture was stirred for 8h.
After the solvent was removed in vacuo, the resulting residue was dissolved
in MC, and washed with 1M aq HCl and then with water. The MC layer was
concentrated under reduced pressure and purified by column
chromatography (95:5 MC/MeOH) to obtain 4.6g of compd 12 as a yellow
foam/solid. 'H NMR (400MHz, DMSOge) & 11.09 (br s, 1H), 8.74 (s, 0.6H),
8.58 (s, 0.4H), 8.27 (m, 1H), 8.20-8.14 (m, 2H), 7.66 (m, 2H), 6.56 (br s, 1H),
6.16 (m, 1H), 491 (s, 1.2H), 4.73 (s, 0.8H), 4.38 (s, 2.6H), 4.17 (m, 0.9H), 4.07
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16 BocHN ) 9 'H NWR (400MHz; DMSO0d6) 8 11.31 (s, 1H),
8.36 (m 1H), 8.30-8.27 (m 1.6H), 8.22 (s, 0.4H),
w(O2008/1{3%p8 2H), 6.87 (t, J = 5.6 Hz, 1H), 6.20 POT/KRE)09/001256

4.94 (s, 1.2H), 4.83 (s, 0.8H), 4.52 (s, 0.7H), 4.41

(s, 2.1H), 4.30 (s, 1.1 H, 4.25 (m 1.2H), 4.06 (m

2H), 3.87 (m 0.8H), 3.42 (t, 2H), 3.12 (m 2H), 1.38

(s, 9H. MS/ESI (m+l)=646.2(observed), MA=645. 7

(C27H3i N708S2) . Red foanisolid. 23 17 NHBoc. BocNk re

(ms2.5H)HB.8KHnY, HZ AP 6, 4HL13.26 ( (TbrO $H), B0l (8, 28l), 1.66
8 1
(mi 2y 138 %ﬁ%ﬁ 12480 Tot 120147 %r < Qw5 1B
(s 12H) 82(s 08H) 452(so 4.30 (s,

Examnaly 13, BRperatian of M- Hfbenzogitolers- suifomxoqm?p}ethyu-

e oS S 50 i

[2, 20 PyHHAARBBIH)KARRYINARE (B3). '1-1 NVR (500MHz;
DVS0d6) 5 11.10 (m 1H),” 8. 35 (m 1H), 8.28 (m 1H),
8.14 (Syufd.6H), 8.08 (s, 0.4H), BocHN 7.72 (m 2H),
6.76 1H), 5.97-5.96 (s, 1H), 4.90 (s, o) 1.2H),
4% (s, 0.8H), 4.51 (s, 0.8H), 4.29 (s,1.2H), 24 20

By(t, 1.2H), 4.08-4.04 (m 2H), 3.86 (t, 0.8H),
3/6 r NBoc

4.5g of compd 12 and 670mg of LIOH were dispersed in 20ml THF
and 20ml water, and stirred at RT for 20min. THF was removed in vacuo,
and the resulting aq solution was washed with diethyl ether. The aq layer
was acidified to pH 3 with 1M aq HCl, and extracted with EA. The EA layer
was dried over anhydrous sodium sulfate and concentrated under reduced
pressure to afford 44g of compd 13 as a dark yellow solid. H NMR
(400MHz, DMSOgq6) & 11.32 (br s, 1H), 836 (m, 1H), 8.28 (m, 1.6H), 8.22 (s,
0.4H), 7.73 (m, 2H), 6.78 (m, 1H), 6.20 (s, 1H), 4.94 (s, 1.2H), 4.84 (s, 0.8H),
4.52 (s, 0.8H), 4.37 (s, 2H), 4.30 (s, 1.2H), 4.26 (m, 1.2H), 4.07 (m, 2H), 3.87 (m,
0.8H), 3.43 (m, 2H), 299 (m, 2H), 1.63 (m, 2H), 1.37 (s, 9H).

Example 14: Preparation of 1-{(benzo[d]thiazole-2-sulfonyl)}-2-oxo-4-[6-{3-
(t-butoxycarbonylamino)propyl-1-oxy}methyl-2-oxo-2H-pyrrolo[2,3-
d]pyrimidin-3(7H) -yllacetyl]piperazine (14).

0

asash

BocHN
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(m 2H), 3.47 (m 2H), 3.41 (m 2H), 3.32-3.30 (m

L9 ."- 4H), 3.27 (m 2H), 3.04 (m 2H), 2.77 (m 2H),
wa2891(m28 9H), 1.35 (s, 9H). M5/ ESI (m+23/ MNa+) PET/B&2008/001256

(observed), MWV = 847.0 (C374dSONB011S2). Yel | ow

solid. 1 2Exanple 25:Preparation of

2-{3-(t-but oxycar bonyl am no) propyl } am no- 3adeni ne

(25). 4 NH2 NHBoc N C NN 5 6 76.8g of 2-chl oroadeni ne

di ssolved in 68m 1, 3-di am nopropane and 8 68mi

nononet hoxyet hanol was stirred at reflux for 24h, and

t he 4 4gaifi comPdil3 und WGy O rEBETItinal Grdl DMV avere. stifferd at RT

esu resi due was, dissolved in 10 100m. THE and .

for %éhnl %ﬁ?"eié he feacHiRNRixfeke ypg\gpycgagg@d@@bvaﬁucggggc;esultmg

resighsll | g?gﬂwg s ”%(%rﬁ M hghé q\ﬁ@@ eiEh sy Wa@ﬁ?deiﬂt series

stirre t hen t e organic solv
withaiM ep\H@d andewaterduoademratesiuire vathe, B8desher ipugifeeqg by
r,was gxtrag\ted tW C EA. The

| h 10 '
colp R chiBiatO0 RO dacSHENES o0 tal i of cotmiad 354 forown
foal?ﬁ/s%‘ﬁd ang FIMRA408RIHADNERYS 5191 789HS, Ul‘H}SUé; Qét(@n 1H),

organi ¢ | ayer was concentrated under reduced

8. 2§r (eB,slle &l ( Slﬂ;@idthelB (@4thronat Ugr&bhﬁd&@pér%ﬁ?ofﬂz 1H),

6.18;on 1o Tc Cutoups & hise i air 4PaHE Br L 6o £

121-90HTQ3|\/&QH,1 219, Wi (mvas)ad@gd(ral 0Wh), 4l (tsaj Hrameplz 2H),
9 sodi um carbonate. The reaction sol uti

29§t Oﬁrfeﬁ @8 HpEHod 62h(madt), 2b36Hén9ldbnd\éﬁfﬁr$t(au+23{MNa =
GSZQC(BBservES) r,\ﬂwl tb§’§’8 (g F%lﬂqﬁvassz) di ssol ved in 50ml

Starting from acetylene derivatives 4 ~ 9, pyrollocytosine derivatives
15 ~ 20 were prepared by similarly following the procedure described in
Example 10. Spectral and physical data for compds 15 ~ 20 are provided in
the table below.

Examples 15 ~ 20: Analytical data for pyrollocytosine derivatives 15 ~ 20.

N—( Ot
HN
X =~
Starting ' _ .
Compd . X Spectral & Physical Data
Material
1H NMR (400MHz, DMSQOg) & 11.12 (s, 1H), 8.27
BocHN (s, 1H), 6.79 (t, / = 5.4 Hz, 1H), 6.00 (s, 1H), 4.68
1 A j (s, 2H), 4.14 (q, / = 7.2 Hz, 2H), 3.65 (t, J = 6.6,
? 2H), 3.39 (t, / = 6.2 Hz, 2H), 3.08 (m, 2H), 2.78 (t,
):“\ J = 6.6 Hz, 2H), 1.37 (s, 9H), 1.20 (t, / = 7.2 Hz,
3H). Pale green foam/solid.




21MeOH and the insoluble material was filtered off.

Then the filtrate was WD 2009/ 113828PCT1KR20091001256
wddood/icsexentrated to afford 3.16g of conpd 25PE@EKR2009/001256

white solid. 1+1 NVR 2(400M+#z; DMS0d6) 812.11 (br s,

1H), 7.63 (s, 1H, 6.78 (t, 1H, 6.55 (s, 2H), 36.07

(t, 1H), 3.20 (q, 2H), 2.96 (q, 2H), 1.60 (m 2H),

1.37 (s, 9H). 4 SStartlng from 2-chl or oadeni ne and a

B o e e by o m | VNG (o OMBOw obogt (% 1H), 8.39

descrli bed i n |Exampien 25. Sp%ctlﬁfyllg,@pg ph_,yggq.qg lqd@t@ﬁ@sr 1H), 4.70
8 cornpounds 26 - 30 arle pnovid

- 3BExgnpl &s 26 - 30: Awial yi KSc3H> d“a‘l]a(sf 8H> 415 (q,/ 72 Hz 2H), 3.43

2, 6-di am nopyri ne degivat iy, rﬁ32ﬂ)63‘123(;r39Hg112381é 9H), 1.21 (t, / = 7.2
BocHY- L2 14 Conmpd Starti Di‘am ne &

Physilcal Datda 2 6 H2N H2N |Hz 3k HP3le yellgw qum/sph@owm

DVS0d6) 8 12. 20 b 1
1H)’C6? 65 (5 ( f6810 (H%:‘lH?\ﬂ\ﬁﬁ (%é@Mﬂi‘{')DN@ﬁgés(h%o (br s, 0.6H),

(q, 4H), 1.36 (s Pall 8 hrosNQs‘Hﬂ)»%Wz?s N.2H, 8.35 (s, 0.8H),
mw&”

NH2 -{(cF12) 4] 5oor 6

1H), |7.63 (s, 5 (4 y@gﬁ‘sé’f éa% g“bs‘c’m (s, 0.2H),
12 1H), 63. 14 (q, 2 2. %7(5 s, ¢5p (s, 0.3H), 4.30
13H) | Yellowiish gBeatn 5ol i & 124 Chia Ny = 7.2 Hz, 2H), 3.18 (m, 2H),
290-2.88 (m, 2H), 1.58 (m, 2H), 1.40-1.36 (m,

18H), 1.20 (t, 3H). Brown foam/solid.

IH NMR (400MHz, DMSOg4) & 11.57 (s, 1H),
Cszﬁ,NHCbz 11.33 (s, 1H), 8.50 (m, 1H), 8.37 (s, 1H), 7.44-7.31
18 7 HN\/\Q (m, 10H), 6.22 (s, 1H), 5.22 (s, 2H), 5.03 (s, 2H),
1470 (s, 2H), 4.44 (s, 2H), 4.14 (q, 2H), 3.57-3.53
(m, 4H), 1.21 (t, 3H). Pale brown solid.

IH NMR (500MHz, DMSOg) & 11.32 (s, 1H), 8.38
BocHNj,~“ (s, 1H), 6.71 (d, 1H), 6.20 (s, 1H), 4.70 (s, 2H),

19 8 o 4.41 (m, 2H), 4.14 (g, 2H), 3.65 (m, 1H), 3.37-3.34
nfn (m, 1H), 3.26-3.22 (m, 1H), 1.37 (s, 9H), 1.20 @,

3H), 1.02 (d, 3H). Pale brown solid.
B°°”Nj 14 NMR (500MHz; DMSOg) 5 11.13 (s, 1H), 8.25
(s, 1H), 6.73 (s, 1H), 5.99 (s, 1H), 4.68 (s, 2H), 4.12
20 9 '\ (Q. 2H), 3.67 (¢, 2H), 3.48~3.27 (m, 10H), 3.04 (q,
[NB°° 2H), 2.78 (t, 2H), 1.38 (s, 9H), 1.36 (s, 1H), 1.19 (t,

3H). Brown solid.

(o) TV 2 N ¥

Starting from pyrollocytosine derivatives 15, 16, 17, and 20, modified
cytosine PNA monomers 21 ~ 24 were prepared by similarly following the

procedures described in Examples 11 ~ 14. Spectral and physical data for

compds 21 ~ 24 are provided in the table below.
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AW

1H), 7.64 (s,
2H), 6.04 (t
Hz, 2

Ex les
11H),
Co >, joO -
(s, 1H) of - 64

X 2

-(CHZ)S-
7.65 (s,

11-1

1H),
wa koo 18381 (m

1.41-1.36 (m

NVR (400MHz; DMS0d6) 5 12.14 (br s, 1H),
6.77 (t, 1H, 6.55 (s, 2H), 6.01 (s,
2H), 2.89 (q, 2H), 1.48 (m 2H)PCT/KR2009/001256
11H), 1.26 (mg 2H). Pale yellow solid.

29 NH2 NH2 1H NVR (500MHz; DMS0d6) 8 12.11 (br s,
1H), 6.78 (t, J = 5.6 Hz, 1H), 6.56(3,
J = 5.5 Hz, 1H) 3.17 (td, J = 6.3, 6.3

8 (

ride

td, J

= 6.

31L\ awtlca\hdaﬂz@@@v Mgs!msﬂ@%mogmemeﬂ%(m
1 29 1.22 (m 6H).Yellow sh green solid. 30 rNH2
\

7 Hz H), 1.49-1.47

"/Z "I-1 NVR (500MHz; DWMS0d6) 5 12.15

s, 1H), 6.84 (t, 1H), 6.56 (s, 2H),
48 (t, H2N,) 2H), 3.39-3.34 (m 4H),
37 (s, 9H). Yel l ow foam 1

e 31: Preparation of

2-[2-{2-(t-butoxycarbonyl am no) - 2- net hyl } et hyl ] -

3am no- 1H purin-6(9H) - one (31).

4 T7hg of

Coptipd §m

2-chl

OS%W%

and gtMatestal f

xant hi ne and
ne di 9per seq

or

24h 9 atf

1 4.96nmL 1, 2-di am nopropane 8

I in 33m  repeetrel &PhysidahData
130C. The sol vent was renoved

in vdcuo,
in 97mM THF and 97nml waf er,

22. 8¢
m Xt U

Sfllecte

i

andg

t

of 11Bgc20 di ssol
re was gti rér
to tHe sol utilo

he resul

jre

o

D e Lt AR

at),i S2& Ml 1RHE. 1#He ¢.eldk18ia8n(2, 0.4H), 7.72
QTrp ) 9L @vs (%2 H”} ?E‘é Was A§08d1 1) 4.80

(s, O8H) 4£1e?s 08H) 4.29 (s 1.2H), 4.24 (m, 1.2H),
406 (m, 2H), 3.86 (m, 0.8H), 3.64 (t, / = 6.4 Hz, 2H),
3.38 (t, / = 6.0 Hz, 2H), 3.07 (m, 2H), 2.78 (m, 2H),
1.37 (s, 9H). MS/ESI (m+1) = 660.2 (observed),

MW = 659.8 (C28H33N70852). Brown foam/solid.

22

16

!H NMR (400MHz, DMSOge) & 11.31 (s, 1H), 8.36 (m,
1H), 8.30-8.27 (m, 1.6H), 8.22 (s, 0.4H), 7.73 (m, 2H),
6.87 (t, / = 5.6 Hz, 1H), 6.20 (m, 1H), 4.94 (s, 1.2H),
4.83 (s, 0.8H), 4.52 (s, 0.7H), 441 (s, 2.1H), 4.30 (s,
1.1 H), 425 (m, 1.2H), 4.06 (m, 2H), 3.87 (m, 0.8H),
342 (t, 2H), 3.12 (m, 2H), 1.38 (s, 9H). MS/ESI
(m+1l) = 646.2 (observed) MW = 6457
(C7H31N705S5).  Red foam/solid.

23

17

NHBoc

BocN ;{.

1H NMR (400MHz; DMSOg) & 11.16 (br s, 1H), 8.36
(m, 1H), 8.28 (m, 1H), 8.21 (s, 0.6H), 8.15 (s, 0.4H),
7.73 (m, 2H), 6.77 (br s, 1H), 6.00 (br s, 1H), 4.92 (s,
1.2H), 4.82 (s, 0.8H), 4.52 (s, 0.9H), 4.30 (s, 3.iH),
4.25 (m, 1.2H), 4.07 (m, 2H), 3.87 (m, 0.8H), 3.19 (m,
2H), 2.89 (m, 2H), 1.59 (m, 2H), 1.41-1.36 (m, 18H),
MS/ESI (m+23/MNa*) = 781.3 (observed), MW =
758.9 (C33H42NgOgS;). Red foam/solid.




13 by filtration to obtain conpd 31 as a grey solid.

1H NVR (500MHz; DWMS0d6) 14 12.42 (s, 1H), 10.44 (br s,
WQR)09/173888 (s, 1H), 6.76 (d, 1H), 6.27 (m 1H)PCBKRZ009/001256

15(m 1H), 3.32 (m 1H), 334 (m 1H), 1.36 (s, 9H),

1.02 (d, 3H). 16 17Exanpl e 32: Preparation of ethyl

2-[ 6-am no-2-{3-(t-but oxycar bonyl am no) -

18propy| }am no- 9H purl n- yI ] acetate (32) 19 NH2

I\II_IDUU N u NN LULMEL L.

3.16d of conmdd 25 di ssol WRANMR QW@WZIDWSQ@\KH%légd@MlH) 8.35

480nmg of 55%|NaH in mineg |1|q |828Tt51ﬁ 19R®II0R, @@ll-?'t&@@ (s, 0.4H),
was |[WD 2009/|113828PCT/ K 009 001256 42" 1stirred

or
2h, dfter whilcto s| oM73726(au86*)16§%mn Hihp197-5.96 (s, 1H), 4.90 (s,
bromgacetate.| 2h 2| hter 12'2!19? nea%ldowwsyr@ W8HE), 4.29 (s, 1.2H),

concgntrated |in v&uo, and purif

gji]ronat 0gg aphy (1%) Et QR2EAS, ]t%H)gr"f\% 404 . éH), 3.86 (t, 0.8H), 3.66
I'aninoplring 4 anaygg _3€ma§H§a 2 ?myQIH 03\/4@%4 bH)1B32-330 (m,
NMR ((400MHz; |DVBOGE) 8

6.71 (s, 2H),| 6.28t, .L|4b* 3427,8@‘}(_2&4) 304 (m4£|i)52(7§|)m 2H), 1.37 (s,

2H), |120 (q, [2H), 62.94|¢ g7 . _
(o dh, 12 (1 ahr B 3 o EALim o) = 8693

oW N R

O 0 N ovwuv

10
11
12
13
14
15
16
17
18
19
20
21

et hyl| 2-[6- (Henzyl oxycal M??Wﬁﬁi nYW-3 FAAQ (CarHsNgOnS,).  Yellow

9but gxy- car bg nyI am no) p! 9&)& }am no- 9H purl n- 9- yI ] aceta

4 / AN 1N u
e (o59). LU I\II_I\./UL I\|I_IDUb I\| J.J. J.L J.OIU d DLIIICU

sol ution of 4. 689 of conpd 32 dissolved in 100mlL DVF,

Exalflpli 2! oxyrebrig ) ok 2R P asbanylainolpropylamino-

addrahei(2bpte. 12h | ater the reaction m xture was
concentrated under reduced 16 pressure, and subjected

to col ymm chronat ography (5% MeOH in MC) to 17 yield
5.49 0 2corrpd 33 as a white solid. 3-H NVR (400MHz;
NHEEE0 N1810.19 (s, 1H), 7.92 (s, 1H), 7.45-7.33 (m

t, 1H, 6.77 (t, 1H), 5.18 (s, 192H), 4.94

stH)\' #16 (q. 2H), 3.25 (q, 2H); 2.95 (q, 2H).
1.60 (m 2H), 1.36 (s, 209H), 1.21 (t, 3H).

6.8g of 2-chloroadenine dissolved in 68ml 1,3-diaminopropane and
68ml monomethoxyethanol was stirred at reflux for 24h, and the reaction
mixture was concentrated in vacuo. The resulting residue was dissolved in
100ml THF and 100ml water, to which was slowly added 60g of Boc,O
dissolved in 70ml THF. The reaction mixture was stirred at RT for 6h, and
then the organic solvent was removed under reduced pressure. The
resulting aq layer was extracted twice with 100ml EA. The organic layer was
washed with 0.5M aq citric acid and with brine, and dried over anhydrous
magnesium sulfate. The organic layer was concentrated under reduced
pressure and subjected to chromatographic separation (1:10 MeOH/MC) to
obtain 4.07g of a compd protected with two Boc groups. This compound
was dissolved in 100mi MeOH, to which was added slowly 45ml saturated aq
sodium carbonate. The reaction solution was stirred at 50°C for 1h, and
then concentrated in vacuo. The resulting residue was dissolved in 50ml

MeOH and the insoluble material was filtered off. Then the filtrate was
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13
14

21 22Exanpl e 34: Preparation of ethyl
N12-{2- (benzo[ d] thi azol e) sul fonyl }am no-
WQ3@ohnydses N- [ 2- [ 6- (benzyl oxycar bonyl ) am no- 2- { BET/KRRWH01256

xycar bonyl am no) -

n-9-yl]acetyl]g lyci nat
Bt SNNCOR2Et 26 27 WD 2009/ 113828PCT/ KR2009/ 001256 43
15.4g of conpd 33 and 950ngy of Li OH were di ssol ved in
40ml THE 2 and 40nl water, and stirred at RT for Ih.
conegnirated r tamaftardi 3-A6gc @S, campds 25hasr aswhitengoligs  *H NMR

(40ORMHE;

t hen

24propyl } m no-9 H puri

e (34). 25 NHCbz NHBoc N *0

g Bm#@dﬁ% dfvm tﬁpéﬁ\ik@;zﬁg%ggﬁi%‘aye ' vvaéaé@;rg?e(a’ 2H),

6.08vEr11n Byl @) 2Hpdi%6nich 261)] 1.60 dma2tH)cdBTept 9ld).ed under

reduced pressure.

R S e VA s

et hyl
2- Nedtgrt

nate 7/

The resulting residue and 62.92g of

diaaddepueine RierivatiSes @6 EDBD veere Brepadad byf sHﬁrly fﬁhlewmg the

CtIO

Pragegare |

datheted, FoedaRiPIand ol <SBRURH (AChEP VRS eata for

comgbuhuerzemsso\@s@@%ﬂ.eewmhhé%@l@ b&bw. concent rated in
and then purified by colum ii chromatography

(5% MeOH MC) to obtain 2.7g of conpd 34 as a pale 12

M AV Reh U8 oy 2B lnobutine; efiUhudd 26 ~

vacuo,

308.18 (m 1H),

14(m 2H),
5.10 (s,

2H),

4.17 (q, ON8H),

3. 47 16( RI;)
9 2
i LB 2,

7.80 (s, 0.6H), 7.76 (s, 0.4H), 7.66

7.46-7.32 (m 5H), 6.77 (m 2H), 5.18 (s,

1.2H), 4.89 (s, 150.8H), 4.45 (s, 0.8H),
4.07-4.00 (m 2.4H), 3.68 (m 1.2H),

3.41 (m 0.9H), 3.22 (m 2.7H), 2.94
1.36 (s, 179H), 1.31-1.12 (m

| e 35: Preparation of
1- (benfb[d]thlazole 2-sul fonyl ) - 2- oxo-4-[[6- 20

(benzyl - oxycar bonyl ) am no- 2- { 3- (t - but oxycar bonyl am no)
pr opﬂ % n.o'q}g- 9FZIpurig-9-yT[-acetyr]piperazine (35)-
CofripdY r,t\| og Nify N Spectral & Physical Data
Diamine
HN 'H NMR (400MHz, DMSOg) & 12.20 (br s, 1H), 7.66
26 y N] —(CHy,— | (s, 1H), 6.84 (t, 1H), 6.62 (s, 2H), 6.10 (t, 1H), 3.25 (q,
? 2H), 3.08 (g, 2H), 1.36 (s, 9H). Pale yellow solid.
NH, 'H NMR (500MHz; DMSOg) & 12.07 (br s, 1H), 7.63
(s, 1H), 6.75 (s, 1H), 6.50 (s, 2H), 6.02 (s, 1H), 3.18
27 —(CHp)4— .
(g, 2H), 2.91 (q, 2H), 1.48-1.36 (m, 13H). Yellowish
NH, green solid. '
NH, 1H NMR (400MHz; DMSOge) & 12.14 (br s, 1H), 7.65
s, 1H), 6.77 (t, 1H), 6.55 (s, 2H), 6.01 (s, 1H), 3.17
- (Chge— | © T 677 (& 1H), 655 (5, 2H), 6.01 (5, 1H)
HoN (m, 2H), 2.89 (g, 2H), 148 (m, 2H), 1.41-1.36 (m,
11H), 1.26 (m, 2H). Pale yellow solid.
ik IH NMR (S00MHZ DMSOqg) & 12.11 (br s, 1H), 7.64
(s, 1H), 6.78 (t, / = 5.6 Hz, 1H), 6.56 (s, 2H), 6.04 (t, /
29 —(CHy)7—

= 5.5 Hz, 1H), 3.17 (td, / = 6.3, 6.3 Hz, 2H), 2.88 (td,

J = 6.7, 6.7 Hz, 2H), 1.49-1.47 (m, 2H), 1.36-1.31 (m,




HOWON

O 00 N o U

10
11
12
13
14
15
16
17

18
19

20
21

22
23

yH co L.NO ... 23Bts 24 252.7g of conpd

34 and 340ng of LiOH were dispersed in 15nl THF 26 and
wQ@0ook/1v@ber, and stirred for 30 min at RT. THFP@EEKR2009/001256

renoved under 27reduced pressure. Then the resulting

aq layer was acidified to pH 3 wth WO

2009/ 113828PCT/ KR2009/ 001256 44 1 1M aq HCl, and

extracted with EA The EA I ayer was dried over

Wua 2sqdiunrsut-fat nd—concentrated—n
to obtain 2.48g of a cru&éHE 1A% 4de{m. Gk é’FLR}’é'Sh green solid.

prodyot and 746y of EDCHdiRabuGAHEDIION BYB.16 Geris, 764 (s,

stirrled at-NRT |f or h. The sol vent was renoved

rgducied Stpr eqsurel_and |tLh &&5() %H)VIQSﬁé%l?dﬁres%ét 1H), 348 (t,

3| ssol ved th NC and §wash n
Wit h wﬁt"{&r) THe o¥ganic Qﬂl) \grjgv\lggwc@n?gr)]%g Q:—g?]fleﬁ] (s, 9H).

vacual 7 and pdrified by 8/6 lewrfod A onat ogr aphy

(acetone) to obtain 1.4g of conpd 8 35 as a white
foam 1H NWR (400MHz; DMS0d6) 6 10.16 (s, 1H), 8.35
Exdmpled3H) , Pigpafation oflP)[2-{2- @bt{tm((ydh.rbdﬁl)l)tylar'w’1ir7c7)—2m(1ethyl}ethyl]—
31 (m 5H), 106.78 (m
BWW@%PHS'“(éé%ﬂn@@jz (s, 1.2H), 5.01 (s, O.8H),
4.55 (s, 0.8H), 4.29-4.27 11(m 2.4H), 4.09 (m 2H),
3.88 (m Q.8H), 3.26 (m 2H), 2.95 (m 2H), 1.61 (m

12 2H), 1)36 (s, 9H); MS/ESI (mtl) = 779.2 (observed),
MN = 7 )Stg C34H38N10062). 14 15Starting from
BodPING - cN Nfine derivatives 26 - 30, nodified 16

adefpi ne PNA hHononers 36 - 40 were prepared by
simiarl y followi ng the 17procedures described in
Exanpl es 32 - 35. Spectral and physical data for 18

3 e 0

comish 3%, ARIENEOATARK Tahlc L9BT oFRaMiuforBpane

(rac@rmiyaiere3@ispersed Al3Bet MbhdmethopktFamslf and dvetel fat 24h
L2 Spectral & Physi cal Dat a

at 130°C. The solvent was removed in vacuo, and the resulting residue was
dissolved in 97ml THF and 97ml water, to which was slowly added 22.8g of
Boc,O dissolved in 64ml THF. The reaction mixture was stirred at RT for 6h,
and EA was added to the solution. The resulting precipitate was collected
by filtration to obtain compd 31 as a grey solid. *H NMR (500MHz, DMSQgpe)
81242 (s, 1H), 1044 (br s, 1H), 7.61 (s, 1H), 6.76 (d, 1H), 6.27 (m, 1H), 3.67

(m, 1H), 3.32 (m, 1H), 3.14 (m, 1H), 1.36 (s, 9H), 1.02 (d, 3H).
Example 32: Preparation of ethyl 2-[6-amino-2-{3-(t-butoxycarbonylamino)-
propyllamino-9H-purin-9-yllacetate (32).

NH,
NHBoc N7 N
|

CO,Et

To a stirred solution of 3.16g of compd 25 dissolved in 100m! DMF,

was added 480mg of 55% NaH in mineral oil. The reaction solution was
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11
12

13
14
15
16
17
18
19
20
21
22
23
24
25

26
27

36 26 1H NWR (400MHz; DMSOd6) 6 10.17 (s, 1H), 8.36

(m1H),8.26(m 1H), 7. 82(s,0.6H), 7. 78(s, 45 0.4H),
w(O2002/1{3%p8 2H), 7.45-7.31 (m 5H), 6.79 (2H), S5PABKR009/001256

2H), 5.12 (s, 1.2H), 5.01 (&, 0.8H), 4.55 (s, 0.8H),

4.29-4.25 (m 2.4H), 4.09 (m 2H), 3.87 (m O0.8H),

3.29 (m 2H), 3.11 (m 2H), 1.33 (d, 9H). MS/ESI (m+l)

= 765.2 (observed), MN= 764.8 (C33H36N1008S2). Wite

f oam 1H NWVR (400MHz; DMSOd6) 5 10.10 (s, 1H), 8.36
stired for2h, 8fte6 whith Mas dosly added. 69§ml etig-rontoacetqtey 2h

oy L Bl 50 B ET)olfhs g, et

coldfn (@H&h‘f’a‘cogragiﬂy, (#180EORAEA) Mo 2gHE) 2.92PBf( Biiamidbpurine
3,88, (m BHY. 326 (ﬁrqEZH%, 2790 (m 2H),

analogo34 age pate Yelloygeplid. MSHENIMR (#@9MEZ/ §3M§Oue) 5 7.67 (s, 1H),

6.80°058HY 871 WV%R), 6.28 (t, 1H), 4.85 (s, 2H), 4.15 (g, 2H), 3:20 (q, 2H),

294 (q, 2H), 1.57 (m, 2H), 1.37 (s, 9H), 1.21 (t, 3H).

Example 33: Preparation of ethyl 2-[6-(benzyloxycarbonyl)amino-2-{3-(t-
butoxy-carbonylamino)propyl}amino-9H-purin-9-yljacetate (33).

NHCbz

N

NHBoc NZ N
>
NN N
H

CO,Et

To a stirred solution of 4.68g of compd 32 dissolved in 100ml DMF,
was added at RT 13.2g of N-(benzyloxycarbonyl)-N'-methyl-imidazolium
triflate.  12h later the reaction mixture was concentrated under reduced
pressure, and subjected to column chromatography (5% MeOH in MC) to
yieid 54g of compd 33 as a white solid. 'H NMR (400MHz, DMSOge) &
10.19 (s, 1H), 7.92 (s, 1H), 7.45-7.33 (m, 5H), 6.88 (t, 1H), 6.77 (t, 1H), 5.18 (s,
2H), 494 (s, 2H), 4.16 (q, 2H), 3.25 (g, 2H), 2.95 (g, 2H), 1.60 (m, 2H), 1.36 (s,
9H), 1.21 (t, 3H).

Example 34: Preparation of ethyl N-[2-{2-(benzo[d]thiazole)sulfonyl}amino-
ethyl]-N-[2-[6-(benzyloxycarbonyl)amino-2-{3-(t-butoxycarbonylamino)-
propyllamino-9H-purin-9-yllacetyl]glycinate (34).

NHCbz
NHBoc N7 NN
< MY
N” N7 N
H



O W ~N o U»v A~ W N =

I A A T i T e e e
© W W N o U b W N R O

NN
N =

23
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792. 9( C35H4A0N 008S2) . Yel | owt shred f oam sol i d. 1H

NMVR (400MHz: DMBOd6) 5 10.09 (s, 1H), 8.35
W@ poodih 3888 26(m 1H), 7. 80(s, 0. 6H), 7. 76( s, PCT/KR2009/001256

0.4H),7.74-7.72(m 2. OH), 7. 48- 7. 31(m 5H),

6.79-6.72(m 2H), 5. 18(s, 2H), 5. 12 (s, 1.2H), 38 28

-(CH2)5- 5.01 (s, 0.8H), 4.56 (s, 0.8H), 4.30-4.27 (m

2. 4H), 409(m2H) 388(m08H) 325(m2H)

2.89 m 2 36 (m 11

54g o(f comlg)d 33 and (950mg of L|OH w(ere dlsslg)lved in 40(ml THF

and 40ml water, and stirred at RT for 1h. THF was removed in vacuo, and
the resulting aq solution was acidified to pH 3 with 1M aq HCI, and then
extracted with EA. The organic layer was dried over anhydrous sodium
suifate and concentrated under reduced pressure. The resulting residue and
292g of ethyl 2-N-[2-{(benzo[d]thiazole-2-sulfonyl)amino}ethyl]glycinate
were dissolved in 240ml DMF, to which were added at RT 1.95g of EDCI and
1.38g of HOBt. The reaction mixture was stirred for 20h, concentrated
under reduced pressure, and dissolved in MC. The MC solution was washed
with 1M aq HCl, concentrated in vacuo, and then purified by column
chromatography (5% MeOH/MC) to obtain 2.7g of compd 34 as a pale
yellow foam. H NMR (400MHz, DMSQg6) & 10.18 (m, 1H), 8.97 (br s, 0.6H),
8.80 (br s, 0.4H), 8.28 (d, 1H), 8.18 (m, 1H), 7.80 (s, 0.6H), 7.76 (s, 0.4H), 7.66
(m, 2H), 746-7.32 (m, 5H), 6.77 (m, 2H), 5.18 (s, 2H), 5.10 (s, 1.2H), 4.89 (s,
0.8H), 445 (s, 0.8H), 4.17 (q, 0.8H), 4.07-4.00 (m, 24H), 3.68 (m, 1.2H), 3.47
(m, 1.2H), 3.41 (m, 0.9H), 3.22 (m, 2.7H), 294 (m, 2H), 1.59 (m, 2H), 1.36 (s,

9H), 1.31-1.12 (m, 3H).

Example 35: Preparation of 1-(benzo[d]thiazole-2-sulfonyl)-2-oxo-4-[[6-
(benzyl-oxycarbonyl)amino-2-{3-(t-butoxycarbonylamino)propylamino}-9H-
purin-9-yl}-acetylpiperazine (35).

NHCbz

NHBoc N7 N
|

2.7g of compd 34 and 340mg of LiOH were dispersed in 15ml THF
and 20ml water, and stirred for 30 min at RT. THF was removed under

reduced pressure. Then the resulting aq layer was acidified to pH 3 with
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23

2H); MS/ESI (mtl) = 807.3 (observed), MN= 806. 9
(C36H42N1008S2) . Yel | ow foam sol i d. 1H NVR (500MHz;
wb@od63s2s 5 10. 11 (d, J = 3.1 Hz, 1H), 8. 37-BCBXR2009/001256
(m1H), 8.28-8.24 (m1H), 447.80 (s, 0.6H), 7.76 (s,
0.4 Hz), 7.75-7.70 (m 2H), 7.75-7.31 (m 5H),
6.82-6.74 (m 2H), 5.18 (s, 2H), 5.12 (s, 1.2H),
5.01 (s, 0.8H), 4.58 (s, 0.8H), 4.29 39 29 -(CH2)7-
'\ém 1.2H), 4.27 (3, J =49 Hz, 1H), 4.06-4.03 (m
1M Ep, HGl gdd extractedswithtHEA. Tie E4. lagenwae qrind 2Mpr anhydrous

sodium sulfate and concentrated in vacuo to obtain 248g of a crude
product. The crude product and 716mg of EDCI dissolved in 70ml DMF
were stirred at RT for 20h. The solvent was removed under reduced
pressure, and the resulting residue was dissolved in MC and washed with 1M
aq HCl and then with water. The organic layer was concentrated in vacuo
and purified by column chromatography (acetone) to obtain 1.4g of compd
35 as a white foam. H NMR (400MHz, DMSOQOge) & 10.16 (s, 1H), 8.35 (m,
1H), 8.26 (m, 1H), 7.81 (s, 0.6H), 7.77 (s, 0.4H), 7.72 (m, 2H), 7.45-7.31 (m, 5H),
6.78 (m, 2H), 5.18 (s, 2H), 5.12 (s, 1.2H), 5.01 (s, 0.8H), 4.55 (s, 0.8H), 4.29-4.27
(m, 2.4H), 409 (m, 2H), 3.88 (m, 0.8H), 3.26 (m, 2H), 295 (m, 2H), 1.61 (m,
2H), 136 (s, 9H); MS/ESI (m+1) = 779.2 (observed), MW = 7789
(C34H38N1008S2).

Starting from 2,6-diaminopurine derivatives 26 ~ 30, modified
adenine PNA monomers 36 ~ 40 were prepared by similarly following the
procedures described in Examples 32 ~ 35. Spectral and physical data for

compds 36 ~ 40 are provided in the table below.

Examples 36 ~ 40: Analytical data for adenine PNA monomers 36 ~ 40.

NHCbz

N/ N
BocHN—L, ) | N\>
NN

H kao
ol

N
Bts
Starting )
Compd . B B Spectral & Physical Data
Material
!H NMR (400MHz; DMSOge) 6 10.17 (s, 1H), 8.36
36 26 —(CH)—
(m, 1H), 8.26 (m, 1H), 7.82 (s, 0.6H), 7.78 (s,




2.88-2.85 (m 2H), 1.51-1.45 (m 2H), 1.39-1.32 (m
11H), 1.28-1.15 (m 6H).MS/ ESI (m+l) = 834. 8
w@ olwsarigegl), MV = 835.0 (C38H46NN03S2). WO  PCT/KR2009/001256
2009/ 113828PCT/ KR2009/ 001254 46 Reddi sh yel | ow
foani sol i d. k _jJ O0-\117?6"'1-1 NWVR (400M1z;
DVS0d6) 8 10.14 (s, 1H), 8.35
(m1H),8.26(m 1H), 7.82(s,0.6H),7.78(s, 0.4H), 7.73 (m
2H—T746-—7F3+{(m—5HT—6-81-6-7440-30—(m—2H)+—5-18
(s, 2H), 513 (s, 1.2H 046).0277 &n. 2HBARS-A3b4m( 5H), 6.79 (2H),
0.8H)| 4.30-4.26 (m 2] 4Hy, D895 2 DH), 30885 (dBH) 4.55
0.8H)| 3.50 (m 2H), 3|23 é?’sskggm Ay 37 (8(?n g 2>
1.36 |(s, 9H);| MS/ESI (pPB).4.209.28 (m, 24hs&PYdan) 2HMAE (m,
808. 9 (C35HAQONIO09S?) . Palsfy) yebd QW T5M 11 it BXBMRIS8 (d, 9H).
41: Prleparati gn of ethy
242-[[2- { 2- (t |but oxycar b¥yB¥i (Fhl) 2= 765.2 (observed), MW = 764.8
(C33H35N100852). White foam.
'H NMR (400MHz; DMSOg6) & 10.10 (s, 1H), 8.36
(m, 1H), 8.26 (m, 1H), 7.80 (s, 0.6H), 7.76-7.71
(m, 24H), 7.46-7.31 (m, 5H), 6.81-6.73 (m, 2H),
5.18 (s, 2H), 5.12 (s, 1.2H), 5.01 (s, 0.8H), 4.55 (s,
37 27 —(CHy)s— [ 0.8H), 4.30-4.25 (m, 2.4H), 4.09 (m, 2H), 3.88 (m,
0.8H), 3.26 (m, 2H), 2.90 (m, 2H), 1.50-1.36 (m,
13H); MS/ESI (m+1) = 793.3 (observed), MW =
7929 (C35H40N100352). Yellowish red
foam/solid.
IH NMR (400MHz; DMSOg) & 10.09 (s, 1H), 8.35
(m, 1H), 8.26 (m, 1H), 7.80 (s, 0.6H), 7.76 (s,
0.4H), 7.74-7.72 (m, 2.0H), 7.46-7.31 (m, SH),
6.79-6.72 (m, 2H), 518 (s, 2H), 5.12 (s, 1.2H),
38 28 —(CHz)s— [ 5.01 (s, 0.8H), 4.56 (s, 0.8H), 4.30-4.27 (m, 2.4H),
4.09 (m, 2H), 3.88 (m, 0.8H), 3.25 (m, 2H), 2.89
(m, 2H), 149 (m, 2H), 1.36 (m, 11H), 1.25 (m,
2H); MS/ESI (m+1) = 807.3 (observed), MW =
806.9 (C36H42N100sS2). Yellow foam/solid.
'H NMR (500MHz, DMSQg) & 10.11 (d, / = 3.1
Hz, 1H), 8.37-8.34 (m, 1H), 8.28-8.24 (m, 1H),
7.80 (s, 0.6H), 7.76 (s, 0.4 Hz), 7.75-7.70 (m, 2H),
7.75-7.31 (m, 5H), 6.82-6.74 (m, 2H), 5.18 (s, 2H),
5.12 (s, 1.2H), 5.01 (s, 0.8H), 4.58 (s, 0.8H), 4.29
39 29 —(CHy)7—
(m, 1.2H), 4.27 (q, / = 49 Hz, 1H), 4.06-4.03 (m,
2H), 3.88 (t, / = 5.2 Hz, 1H), 3.26-3.20 (m, 2H),
2.88-2.85 (m, 2H), 1.51-1.45 (m, 2H), 1.39-1.32
(m, 11H), 1.28-1.15 (m, 6H). MS/ESI (m+1) =
8348 (ObSGNEd), MW = 8350 (C38H45N100352).
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4 6 7To

a stirred solution of 4.69g of

wa@oompdi1Bisin 47 DMF, was added 8 790ng of 55B6NER2000/001256

m ner

anot her 2h. The reactl on m xture was concent rat ed

al oil

and the reacti o solution was stirred for
9 2h. After 1.85nl et hyl
added,

bronpacetate was slowy

the reaction 10 solution was stirred for
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(s, 4
3.16
3H).
2-{2-

A

[2-{3-

sul fd
of sd
70C f
presg

1_ 20011l

15 16Ex3
(t-but ox
Boc )
4Ggé_&c;lfC
(t-butd
nat e was
di um azi

or 20h,

[ -H NWVR

1H), 6.74
(9, 2H),

1.36 (s,
\npl e 42:
ycar gonyl
N H2 \(/)\DZ

xyd&féony
di ssol ve
de. 4 The
and t hen

ure. Thd
A& watlpo

b resultin

and ay

ﬁ%%@% (463@9983M§o ﬁb%ﬁg 571H) 8.35

(Lm.3165 aﬁ (mH)lH)372@ (s 0.61H) , 7.78 (
’r ep 717??3"‘@”) $6-7.31 Oh, 6@, 6.81-6.74

p nd))eb A8 xXsy e hy 1 aits aaH)L7X.02)s, 0.8H),
DQ36 1L 3PLHPSROKIBE AN 9% 5804 (ml 2H),

388 o) €1810x P16t (vy | JHe B3B3 (M, 4H),
1307 RO9AL 1%':{? @ﬁmﬁ@/@%ﬁ 9. 8093

reaction’”m X
> Grhserved )ty 5uBoR? (Esdluubhapssz)

PaIe

LT ZUU

TTLD U VVAAT

\’I

(SR AV | w7\ T

i was di ssolved in
JYQCE\)!:%}SQ)%& t h ;J\ The oF ANt

ol
LILILA~Z UATIT O

| ayer was dried over anhydrous 7 sodium sul fate and

concenfrated in vacuo. e i.due s 8 .
B | Freparom Ghestyh ot UR 9k BRlaG alasyamino)-2-
' h f tirred

mﬁﬁy'ﬁﬁ?%éﬁgﬁ“a?ﬁf A e it A A
The reaction m xture was stirred at RT for 18h and
concentrated to 11500mL under reduced pressure. Then
the res precipitate was filtered 12 off. The

Nurt her concentrated under reduced

RO 8

Nenmove 13 THE, and washed with MC. The ag
| aygg Was consepomated to obtain 86.2g 14 of conpd 42
as a liquid. 1H NVR (400MHz; CDC13)

4.96 (br s, 1H),
3.54- 153.48 (m 4H), 3.34 (g, 2H), 2.88 (t, 2H),
1.48-1.46 (m 11H). 16

17Exlmigl s%lrred3 LSRR ioP ﬂ%f929 l)]z E:iarzn'p(aI 3&%\%7&1?%?}’\'/@5 rEidded
790mg of 55% NaH in mineral oil and the reaction solution was stirred for
2h.

solution was stirred for another 2h. The reaction mixture was concentrated

After 1.85ml ethyl bromoacetate was slowly added, the reaction

in vacuo and purified by column chromatography (5:95 MeOH/MC) to obtain
5.04g of compd 41 as a pale yellow solid. 'H NMR (500MHz, DMSOge) &
10.55 (s, 1H), 7.67 (s, 1H), 6.74 (d, 1H), 6.40 (m, 1H), 4.87 (s, 2H), 4.17 (q, 2H),
3.65 (m, 1H), 3.28 (m, 1H), 3.16 (m, 1H), 1.36 (s, 9H), 1.21 (t, 3H), 1.01 (d, 3H).

Example 42: Preparation of 2-{2-(t-butoxycarbonylamino)ethoxy}ethylamine
(42).

BocHN" O\,
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18et hoxy}ethylja m no-1 Hpu ri n-6(9 H-one (43). 19

HN 20 21 226.3g of conpd 42 and 2.0g of
wQ20@wonsky/poxant hi ne were di spersed 23 i n 55nlPCT/KR2009/001256

nmonomet hoxyet hanol and 17. 54l water. The reaction

m xture was 24 stirred at reflux for 16h, and the

sol vent was renoved under reduced 25 pressure. Then

the concentrate was stirred in 20ni MC and 10nl wat er

for 2630 min, and the resulting precipitate was

collected by filtration to obtain 27 2.1g of conpd 43

as al el low s H NVR (500VHz. 0d6) ..8

2515913 1495, Sty - EotuathaalberpiinoiRpRlegiimethane
sulforfelte (Was lefs’d)veoﬁlrWSdOﬁﬂ bIF, w0 added 134g of sod|um azide.

2009/ 113828PCT/ KR2009/ 001256 48 16. 34 (s, 8 12

The sreagtion) mixtusp was, stimed @t 70°C nfor 429h, gnd)gth@ql cgp{;entrated

unéel[:l'g ﬁ@c#%ﬁé%s&%é‘gﬁ@gﬁ gjﬁ‘\ri) g?ggglt 'Oxgla)gsolved in 1,200ml

wabat E&dj T teat Wrtl"glEN nThedbbgame ldyet)wad dvied over anhydrous
oc
5052'!*{ 35@@%@@%@%%@9% Hb)YACHBY | k8 eteryiting Hesidng was

h h
R AR UGS, 50950 SRt G osphine
Thgirehdlcnmmpmmnel wigs sisrradvati RE fooRhd aftéHwiivEh (30adtdted 200m
wa%%%%@eg?%%wz (rf{git r%; wgg sggpepsgp B%gfogfb,_iShsgngg;cqrgentrated to
50@m3'i9nde3 rﬂzau&éd ﬁ@ksur@ 4?Fhé|t1 thé"gesu?ﬂr%g g@é’c P?%H)e whs Sflitered

Exanpl e epar at | on
Offof Tlae{ftkt:qte Wax Mb@r b@mﬂrﬁmtad)tmdmyle}iamdwresswe to remove

THE! BHd Wasted WisBhfic - Thie. 6 Jayer Waf soreaa el S obiain 86.29

of compd 42 as a liquid. 'H NMR (400MHz; CDCl3) & 4.96 (br s, 1H), 3.54-
3.48 (m, 4H), 3.34 (q, 2H), 2.88 (t, 2H), 1.48-1.46 (m, 11H).

Exmaple 43: Preparation of  2-[2-{2-(t-butoxycarbonylamino)-
ethoxy}ethyllamino-1H-purin-6(9H)-one (43).

o)
HN N\

6.3g of compd 42 and 2.0g of 2-bromohypoxanthine were dispersed
in 55ml monomethoxyethanol and 17.5ml water. The reaction mixture was
stirred at reflux for 16h, and the solvent was removed under reduced
pressure. Then the concentrate was stirred in 20ml MC and 10ml water for
30 min, and the resulting precipitate was collected by filtration to obtain
2.1g of compd 43 as a pale yellow solid. H NMR (500MHz;, DMSQOyg¢) &
1243 (br s, 1H), 1045 (br s, 1H), 7.89 (s, 0.2H), 7.61 (s, 0.8H), 6.77 (m, 1H),
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23 130C for 10h. Then the solvent was renoved under

reduced pressure and 24 the resulting resi due was
wale@soligesl in 150nml THF and 150ml wat er, to wWhPCHhKR3009/001256

was added slowly 19.2g of Bgc20 dissolved in 100nl

THE. The m xture was 26stirred at RT for 6h. After EA

was added, the resulting precipitate was 27col |l ected

by filtration to obtain 6.31g of conpd 45 as a dark

%reen solid. WD 2009/ 113828PCT/ KR2009/ 001256 49 11H

3V Qaidmezl 2 Evesbdid) 352 1t 12H) 13rd s (muidH), 3.084(q s2HIL Y36 (s
9H$- 87 (s, 1H), 6.31 2(s, 1H), 3.23 (q, 2H), 2.98 (m
1.62 (m 2H), 1.38 (s, 9H). 3 4Guani ne
derlvatives 46 - 47 were prepared using a proper

di am ne Sby simlarly oIIovvln t he procedure
Ejm@_gujﬁd | Rrepesaiane” a8, 2dgd8r(tputaxycasbprylamiap) paapyloxyl-
d |ded|nthetable bel ow. 7
etﬁgﬁigmwsfﬂéﬁmn ﬁglﬁn rl]él){Z data for guani ne
derlvatlves 46 - 47. 9 o 10 BocHN-(CH2) n- 11 Conpd
Di am ne used n @pectral & Physical Data 46 Ethyl ene

di anine 2 1F1 0O0OMHz; DMBS0d6) 8 12.43 (br s, 1H),
10.61 (br, 1HY 768 (s, 1H), 6.93 (t, 1H), 6.32 (s,
B°°I'PD\/&/M 10 (g, 2H), 1.37 (s, 9H. Gey

solid. 47 Pehtyl ené" diamne 5 '"I-1 NVR (500MHz;

DVBOd6) 8 12.44 (s, 1H), 10.35 (s, 1H), 7.60 (s, 1H),

6.80 (m 1H), 6.29 (m 1H), 3.21 (m 2H), 2.90 (m

2H) ,2-i?e-Atabggﬁxygmp_nyla@gnggmspylﬂxy]:@tniwl,armnganﬂ. 2prpmohypo-
xarfthine” %l/@reb'}é’é(éﬂe&%f/ dsimiIarIy following the procedure described in
Example 43 to yield compound 44 as a white solid. 'H NMR (500MHz;
DMSOgqe) 6 12.43 (br s, 1H), 1045 (br s 1H), 7.61 (m, 1H), 6.80 (t, 1H), 6.30 (s,
0.7H), 6.08 (s, 0.3H), 349 (t, 2H), 3.41 (t, 4H), 2.99 (g, 2H), 1.61 (m, 2H), 1.37

(s, 9H).

Example 45: Preparation of 2-{3-(t-butoxycarbonylamino)propyl}amino-1H-
purin-6(9H)-one (45).

o)

N
N

|
BocHN/\/\H)%N N

A mixture of 10g of chlorohypoxanthine and 19.6ml 1,3-
diaminopropane dispersed in 40ml monomethoxyethanol was stirred at
130°C for 10h. Then the solvent was removed under reduced pressure and
the resulting residue was dissolved in 150ml THF and 150mi water, to which
was added slowly 19.2g of Boc;O dissolved in 100ml THF. The mixture was
stirred at RT for 6h. After EA was added, the resulting precipitate was
collected by filtration to obtain 6.31g of compd 45 as a dark green solid.
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12 13Conpds 43 - 46 were transfornmed into conpds 48 -
51 by simlarly 14 foll ow ng the procedure descri bed

w0 nooexassps e 32. Spectral and physical 15 data POT/KR2009/001256
conmpounds 48 - 51 are provigled in the table below 16
17Exanpl es 48 - 51: Anal ytical data for guanine
derivatives 48 - 51. 18 o 19 BocHN- L3 WO
2009/ 113828PCT/ KR2009/ 001256 50 1 Conpd Starting
Material 13 Spectral & Physical Data 48 43 1Z 11-1 NWR

H (WMWN’BOEMS%GM.@. Blz1¥ $br $HIH), 7.0 (1, sLH)1E)87 6, 181), 6.31

& 3P 3 2 0020 238 M RHHE2 68 260 e eyl T, (L
9H), 1.20 (t, 3H) .Wite foanisolid. 49 44 -11-\0--\_1

1H NMR (500MHz; DMBOd6) 5_10.57 (s, 1H), .7.69 (s, 1H), .
6. 7$3yanina iglerivatiyas @@ ~14y waregpreparegdysing a eroper diamine

by %nh?'nlirﬂs 4&1&\@99&% 3i8€éb{ﬁrg]lde%p'b%€l)ﬁg§é%&mlg@5 ]Sp%%tral and
physieatidath ifdr cEMmptis 46 7 A AdRroGARNHR; thBMEBISpeRW.0. 64
(s, 1H), 7.68 (s, 1H), 6.91 (t, 1H), 6.47 (s, 1H),

4.88 (s, 2H), 4.16 (q, 2H), 3.28 (g, 2H), 3.08 (q,

B8 4B, ; Par (0. 46
Exfibec 55 47, Allrice Sty PR dgatyeo e,
7.66 (s, 1H), 6.77 (m 1H), 6.41 (m 1H), 4.86 (s,
2H), 4.16 (gq,02H), 3.21 (q, 2H), 2.89 (g, 2H), 1.48
(m 2H, 1.431.36 (m 11H), 1.28-1.19 (m 5H). Dark

grey soIidH\ | N\)

BocHN—(CH)y—N""N" "
Diamine
Compd n Spectral & Physical Data
used
'H NMR (500MHz, DMSOg6) 8 1243 (br s, 1H), 10.61
Ethylene

46 diamm 2 (br, 1H), 7.62 (s, 1H), 6.93 (t, 1H), 6.32 (s, 1H), 3.29 (q,
iamine
2H),3.10 (q, 2H), 1.37 (s, 9H). Grey solid.

H NMR (500MHz; DMSOgys) & 12.44 (s, 1H), 10.35 (s,
47 Pen'tylene c 1H), 7.60 (s, 1H), 6.80 (m, 1H), 6.29 (m, 1H), 3.21 (m,
diamine 2H), 2.90 (m, 2H), 1.49 (m, 2H), 1.39-1.35 (m, 11H),

1.27-1.23 (m, 2H). Pale brown solid.

Compds 43 ~ 46 were transformed into compds 48 ~ 51 by similarly
following the procedure described in Example 32. Spectral and physical

data for compounds 48 ~ 51 are provided in the table below.

Examples 48 ~ 51: Analytical data for guanine derivatives 48 ~ 51.

o
N
HN
BocHN—Ls )%Nl N‘)
H §




2 3Starting fromguani ne derivatives 48, 49 and 51,
nodi fi ed guani ne 4 PNA nononers 52 - 54 were prepared
wdyoositngsbar |y foll owi ng the 5procedures descriPEDKRR009/001256

W 00 ~N o v h~h w N

Exanpl es 34 - 35. Spectral snd physical data for 6
conpds 52 - 54 are provided in the table below. 7 8
Exanples 52 - 54: Anal ytical data for guani ne PNA

nononers 52 -

54. 9 WD 2009/ 113828PCT/ KR2009/ 001256
51 2 Conpd Starting Materi al

L3 Spectral & Physical

Data 52 48 N. 0 A) 1F1 NVR (400MHz: DMB0d6) 5 10.61

(m—1
M

I—I\ 8 3

~

8 (m 1'—'\
opP— 1 C

Q’)R(m1l—l\ 77R'R'—'\(m

C%DP&O
1.2

GSﬁﬂl ng

1,6‘
54 (s, 048

B. RR (m DRI—I\

4 1H), 5.07 (s, 1.2H), 4.96
D (m 4. 3o§r(e§trah&2§bys-@ Qstq

QAQ(Jm ’)AI—I\

3.40

(m+l)
hgown
DIVB0a

7.73
(hr

o] Miteriaf

(m 3.6H)

.l’(o

m’)l—l\
) _.,,

rve
3I|d

hm m,(saomz;(wsm,a) 5 1[\7K5/7E§I1H), 7.69

185)' ACTLER S EZS%%)ZW%%, 415

11lq, ) 3B5T (m, 2H) 3.48.(@54HIN31DHm, 2H),
23300 g2 3 5 toaf/sdlia.

0. 8H)
3.87
(m 2
@A8bse
f oan
10. 42

1H),

4. WR((ISDOMH21-D)MS4)dQ75 (ap7 ZH)lH) 7.69

g(sﬁ’é)-égfs@:&bﬁggégg“?@zm) 4578, o),

. 84(162a1H351)08882],. 2(Fe)|, BGW (m, 4H), 2.99 (q,

_Lgé)] Ng/lgé( 400%

Ié) 2352]( n(]t 3H).

Yeﬂ’ovﬁiﬁo&nﬁéllcﬂm 1H) 6 76 (t,

1H)
0. 8H)
4. 08-
5th 2
2H) .
( C28H

I35NO07S

D). Red f 4

1 R (ROOM s s Qi 0K 5, Uy 768

B (s, (LA, 6018¢t) 1H)36.43 (< TH), 2488 (s228)) 4.16

| )(ql,'j-gi_)%?é?q, E;E@eidi%x, ,2'1:'%/6;13_5 &7,

DAY QI3H). DM red solid.

20097

51

11s6Z6l

46

CT/ RKRZ009

0

% KMR (ZOMHZ DMSOL) 5 1044 (br s, 1H),

7.66 (s, 1H), 6.77 (m, 1H), 6.41 (m, 1H), 4.86 (s,
2H), 4.16 (q, 2H), 3.21 (q, 2H), 2.89 (q, 2H), 1.48
(m, 2H), 1.41-1.36 (m, 11H), 1.28-1.19 (m, 5H).

Dark grey solid.

Starting from guanine derivatives 48, 49 and 51, modified guanine

PNA monomers 52 ~ 54 were prepared by similarly following the

procedures described in Examples 34 ~ 35. Spectral and physical data for

compds 52 ~ 54 are provided in the table below.

Examples 52 ~ 54: Analytical data for guanine PNA monomers 52 ~ 54.




2Exanpl e 55: Preparation of et hyl
2-[ 6-am no- 2-{2-(t-butoxycarbonyl -

waarmnoiset hyl } - am no- 9H puri n-9-yl ] acet at e ( 55PCT/ARDIGR/001256
N BocHN, N N N HLOEt 50 6 73onpd 55 was prepared from
conpd 26 by simlarly following the 8 procedure for
Exanpl e 32. Pale yellow solid. 1H NMR (400VHz; DVS0d6)

697

(q,

Bocgiﬁ pre

130arbbny|)g

(56). 14 NH2

22ml
solu

was 19 concent ated under reduced pressure,
was added 100

70 (s,
4.87q(s,
2H),

MC, was
ti on was

0

1H),
2H)

& (s,

6.84 (t,
4.16 (q,
9H),
of et hyl

2-{2, 3- bi s(benzyl oxy-

1H), 6.79 (s,

2H),
1.22 (t,

2H),
103. 25 (q,

3H) .

6.30 (t,
2H), 3.08
12Exanpl e

pdi no} et hyl i am no- 9H puri n- 9-ynacet at e
16 17To 4.42g of conpd 55 dissolved in
Wy added 22nil 18 TEA at 0C, and the
) red for 2.5h. The reaction solution

® di et hyl

to which

20et her. The resulting

precipitate was collected by filtration to obtain

5.79
Coﬁrpﬁg

Isinifg

Maiterjals

a pale b
I nt g5 edi
added s

own solid intermediate product.
ate was 28pelitpsiE: \Physical Boal MC,
ovay69mlTEAat0.The23

squItlon was stirred|fQr [
Sdudt 5 amg Jof 15| NMRTaB0RAHZ"DMSRE 181 R% 1H), 8.36
24bis(benzyl|oxycar bohym,) 18}, (&2% Ky, t]fH).OYﬁthﬁﬁ)lﬂmeéH) 6.78 (t,
Then[ the regction m 5 Stiner
24h,| and waghed Mkt h ?JHg%%q(ﬁlﬁg%) %’Pﬁ (g:rjl% i c@§8£ rt%'@f 4.54
S [dri ﬁg ovVer gyd @JQW&\Q%&(SUMZHDJI‘?%& etmahaH), 4.07 (m 2H),
nclent fat ed undef 2 e re t I
of clonpd 56 |asy al elé'?glttﬁ?%ﬁ_@l §3‘9 @H?% §4% (4:1 538@-') 3.09
2009/ 113828RCT/ KR2009(r00 12256 153 ](NI\/IQH)SO@MEZI (Dv8Dd8) 676.1
8 11. 59 (s, {1H), 8.56 , 69 7 4. 29
2(m| 10H), €. 75 (s, :z@t},se%’.‘lgg 'E@N §5§ F%z”'f N3Gy~ Dark
5.02 (s, 2H)|, 4.86 (:;br@H)foam/mlidB(q, 2H), 3. 50 (q,
2H) ,[ 3.37 (my 2H), 1 . :
oot Bl on 1ot - ot hyi 19 bR AodMHE DRIEBR) § B9 (s, 1H), 8.36
2-[ 6 (benzyl oxycar bonyhaith @22 (h21HR, B73 (m, 2H), 7.64-7.60 (m,
T 1H), 6.80 (t, 1H), 6.65 (br s, 1H), 5.05 (s, 1.2H), 4.94
U (s, 0.8H), 4.54 (s, 0.8H), 429 (s, 1.2H), 4.24 (m,
53 49 0o
2 1.2H), 4.07 (m, 2H), 3.87 (m, 0.8H), 3.46~3.39 (m,
s 6H), 2.97 (m, 2H), 1.60 (m, 2H), 1.36 (s, 9H); MS/ESI
(m+l) = 6898 (observed) MW = 68938
(CagH3sNgOsSy).  Yellow foam/solid.
'H NMR (400MHz, DMSOQOg) & 10.42-10.40 (m, 1H),
8.37-8.32 (m, 1H), 8.28-8.25 (m, 1H), 7.73-7.70 (m,
2H), 7.58-7.54 (m, 1H), 6.76 (t, 1H), 6.39-6.38 (m,
H 1H), 5.03 (s, 1.2H), 4.92 (s, 0.8H), 4.54 (s, 0.8H), 4.29
54 51 (s, 1.2H), 4.25 (m, 1.2H), 4.08-4.07 (m, 2H), 3.87 (m,

.

0.8H), 3.18 (m, 2H), 2.89 (m, 2H),
140-1.30 (m, 11H), 124 (m, 2H).
(m+23/MNa*) = 696.2 (observed), MW

147 (m, 2H),
MS/ESI
673.8

(C2sH3sNg07S;). Red foam/solid.
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6bi s- (benzyl oxycar bonyl ) guani di no} et hyl ] am no- 9H purin

-9-yl]acetate (57). 7 NHCbz N H\ CbzHN y. N N 8( CO2Et H
woGe/1938194. 54g of conpd 56 and 8. 22g of PCT/KR2009/001256

N- (benzyl oxycar bonyl) - N - neixhyl - 11i m dazol i um

triflate were dissolved in 90nl DMF, and stirred for

29h at RT. 12 The sol vent was renoved under reduced

pressure, and the resulting residue 13 was purified by

col utm chr omat ogr aphy (1: 3 hexane/ EA) to afford 3. 06g

of 14 conpd 57 as a white foanisolid. 1H NVR (500MHz;

ﬂ?@d%SS 11Pr@%a_ga§|0914éﬂ gy(%[dﬁwﬂ@? 322(155 t‘&ﬂﬁarbonyl—

anm&s)el}ayl}( smidH9H-putih-9-y/llaedate 85%)2 (s, 2H), 4 95 (s,
4.15 (q, 2H), 3.54 (q, 2H), 173.42 (g, 2H), 1.19

(t 3H) 18 19Exanpl e 58: Preparati on of ethyl
2- [ 6- ami nfft'2- {4 (t-butoxycarbonyl - 20a m no)butyl}-a
m no-9 n-9-yl]acetate (58). 21 22 23 24Conpd

BooP® Was plkegar d fromconpd 27 as a reddish yellow 25
foarﬂs Ii[’J szim'IarIy follow ng the procedure
descri bed inyLng.ﬂ‘Fbl e 32. 1H 26NMR (500MHz; DMS0d6) 5
7.67 (s, 1H, &.79 (t, 1H), 6.69 (s, 2H), 6.30 (m
1H), WD 2009/ 113828PCT/ KR2009/ 001256 54 14.85 (s,
2H), 4.15 (q, 2H), 3.22-3.17 (m 2H), 2.93-2.89 (m

2H) ,Cdmpa Smwgé‘bpre[é’éreélofrénSQofﬂ]ﬁd JZE"by Simdlariyt folPling the
3 4Exanpl e 59: Preparation of

progeppre fenkxamplg: 3¢ boraje é{ﬁﬂﬂ‘d)sogitd[ 42 NNIR (400MHz; DMSOqe) &
bics |

7.78%s yﬁfﬁﬁgtégt gxi((g@‘) &92%&%@2%@ NP} DY 4 AR "orPtE PETEN 2R,

3.25 (q, 2H), 3.08 (q, 2H), 1.37 (s, 9H), 1.22 (t, 3H).

Example 56: Preparation of ethyl 2-[6-amino-2-[2-{2,3-bis(benzyloxy-
carbonyl)guanidino}ethyllJamino-9H-purin-9-yllacetate (56).

NH,
N7 N
H A\
CbzHN.__N ~NN )\\N | N>
H
NCbz kC O,Et

To 4429 of compd 55 dissolved in 22ml MC, was slowly added 22ml
TFA at 0°C, and the solution was stirred for 2.5h. The reaction solution was
concentrated under reduced pressure, to which was added 100ml diethyl
ether. The resulting precipitate was collected by filtration to obtain 5.79g of
a pale brown solid intermediate product. 3.9g of the intermediate was
dissolved in 39ml MC, to which was added slowly 6.9ml TEA at 0°C. The
solution was stirred for 15min at RT, to which was added 248g of 1,3-
bis(benzyloxycarbonyl)-2-(methylthio)pseudourea. Then the reaction mixture
was stirred for another 24h, and washed with 0.5M aq HCl. The organic
layer was dried over anhydrous magnesium sulfate and concentrated under

reduced pressure to yield 4.58g of compd 56 as a pale yellow solid. H
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8 9Conpd 59 was prepared fromconpd 58 as a pale
yell ow foam solid 10by simlarly follow ng the
w@e@oadisees described in Exanples 56 - 57. 1H BANKR2009/001256

(500MHz; DwVsOd6) 6 11.49 (ss53 1H), 10.12 (s, 1H), 8.28

(t, 1H), 7.91 (s, 121H), 7.45-7.31 (m 5H), 6.95 (t,

1H), 5.17 (s, 2H), 4.93 (s, 2H), 4.16 (q, 2H), 3.28

13(m 4H), 1.51 (m 4H), 1.46 (s, 9H), 1.38 (s 9H)
15Exag§:)(e 60: Preparation of

NN BOGMH DMSDneh Sk S8 ok Boriy ot ). 769 (s, T 7.39-7.29

ESEFRIS 40 2,5 HaEe A GO D 40T B 1
(g, HMpa.508(GaH, 38adn$iﬂfj')ellllﬁA(t23H)3am soI id by simlarly

foll ow ng the procedure described in Exanple 32. 1H
22NVR (500MHz; DWMS0Od6) 6 7.67 (s, 1H), 6.78 (t, 1H),

ExdmpR 69; Mpar@ﬂ)@ﬁ 6fnetﬂﬁ) 2- [3E§)eﬁ§yl6gyca@%%nﬂ§o)(-9+[2 {2,3-

blsicbwzylozma(rbpnzugu&n)ldIrm}emyUmmr2¢+)9H—puﬂn 9-yllasetate £57).
26Exanpl e 61: Preparation of ethyl
2-[6-{di-(t-Rueexycarbonyl)}amni no-2-[5-{(t-
27but oxycar bdayly am no} pentyl i am no- 9H puri n- 9-yl ] acet
ate (61). 009/ 113828PCT/ KR2009/ 001256 55
CbN(“ ~2-BR 2 3To 6.98g of conpd 60 dissolved in
ZTHEH wer e ladded 7.95g of 4 Boc20 and 186ng of
4 (N N- di met hyl ant?6) pyri di ne, and the sol ution was
5stirred for 10m n. Then the solution was m xed with

4. 624’@4?:'%* céﬁ'i ?gkrfaﬁﬂ QﬁggngﬂhN 3%%Y0&9F%$)0N5%thyl-

and th stlrr anot tenperature
imitlazoliwactriftate swénet dissolwed i00®@rahONAF eand rstiviecubor 291 at RT.

Thi, BT e Tieked s T8 erd Fressire, anddhe resuhiag Tresidue
wagggﬁrfﬂefgt gwcgg{)l%@ﬁetﬁtcﬁgrg&o@vsﬁhmbsgv(i:?g%em@l tNafford 3.06g of

compeo Bdt agBaph Bwaffs@ildonlfd 1NM|;£[15®W&|ZEIW@S@M\YC§ 11060 (s,

1“2?{@%%?-12@&%% 3 BTt PR 29 i B, 744 10,

5.18t(s, 2H), 53400, LH), 200.(s42H% 4.95 (s, 2H), 4.15 (g, 2H), 3.54 (q, 2H),
342 (g, 2H), 1.19 (¢, 3H).

Example 58: Preparation of ethyl 2-[6-amino-2-{4-(t-butoxycarbonyl-
amino)butyl}-amino-9H-purin-9-yllacetate (58).

NH,

YIS
BocHN._~ o~ )\N N
H N

CO,Et

Compd 58 was prepared from compd 27 as a reddish yellow
foam/solid by similarly following the procedure described in Example 32. !H
NMR (500MHz; DMSOgs) & 7.67 (s, 1H), 6.79 (t, 1H), 6.69 (s, 2H), 6.30 (m, 1H),
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13(qg, 2H), 3.25 (g, 2H), 2.91 (g, 2H), 1.53 (m 2H),
1.40-1.39 (m 29H), 1.28 (m 142H), 1.22 (t, 3H). 15
wasmanske 62: Preparation of ethyl PCT/KR2009/001256

2-[2-[2-{2, 3-bi s-(benzyl oxysar bonyl)- 17g ua nid
no}ethylla m no-6-0x0-6,9-d i hydro-1 H pu ri
-2-yl]acetate (62). 18 NHCbz CbzHNN 19CbzN - - - 0Q2Et
20 21Conmpd 50 vvas converted to conpd 62 as a white

id by simlar 22 follow ng the procedure

4. 8&%&&: riHed-1on( CE>2é'HpBe’-25$ 1716NeR). (5883wH89 (m3iBodels ém. 2H),

68(s, 1H), 8.50 (t, 1H), 7.68
153%7@?%&%9 LI 0H) | A= (m(lH) AT (s,(zH),
5 02 (s, 2H), 4.86 (s, 2H), 4.12 (q, 2H), 3.50 (m

252H),_ 3. 46 2H, 1.18 (t . 26 )
Eii@@g_ﬁﬁzsi’gﬁgfnﬁkﬁgboeélqséx'zéd@s@ébmdam%ﬁgonwammo)-2-[4-{2,3-
bisgﬂi[é:r’{z?b é‘ér‘b%ﬂg;@gu% nidi oa}lbu I]amm I? funrb9 SyI Jacetate (59).

zyl ox

2( benzyl oxycar bonyl )guanl di no} et hyI ] am no- 9H puri n-9-y

| Jacetic acid @y. 3 NHCbz CbzHN (NN NCbz 4(COCH 5

6To 2.57g of d 57 dissolved in 7.1nl THE and 7. 1ml

F was 7 Rdded> 340mg of LiOH at 0C, and the

soPnj ~on~ay sN| ried at RT for 40nin. 8 The reaction
sEFNIt i on vvas aci dl\T‘P@xﬁtto pH 5-6 with 1IN aq HCl at OC,
and 9the resulting solid was collected by filtration

to yield 2.33g of conpd 63 as a 10white solid. 1H NWR

( 50006npdDhE0uS) p&ephted drqre, carhpd 38 agb pale yiaHow &)a}ﬂ/solid

bylmlllaéy}i?pll@gwn%qﬁe Brcll_obgdeges gﬁfcrzq%nh 3@39 2§795162 g( tég

NMR (506MHZB- L5ﬁ15(01,6) 8'11 48.(4214%, 181D - (s 13114628 (R| EHP47.91 (

Preparation of t-Db

1HN125 SH(m, 96 e6}9§ (ytht haxyGaebbrdP3 (3,54, 4.16 (q, 2H), 3.28
ngtet ) { e m no) - 2-
(m ghﬁzf ARG 42\-beih§'§l é'%' e%ga&?éﬁﬁyji??&a td |
no}et hylja m no-9 H-pu ri n-9-yllacetyl]g lyci nate
Exagrgaé 6%)7 Preparation of ethyl 2-[6-amino-2-{5-(t-butoxycarbonylamino)-
pentyl}amino-9H-purin-9-yllacetate (60).

NH,

\>

BOCHN/\/\/\NJ\N
H L

CO,Et

Compd 60 was prepared from compd 28 as a reddish yellow
foam/solid by similarly following the procedure described in Example 32. H
NMR (500MHz, DMSQOge) 6 7.67 (s, 1H), 6.78 (t, 1H), 6.69 (s, 2H), 6.28 (m, 1H),
4.85 (s, 2H), 4.15 (q, 2H), 3.18 (g, 2H), 2.89 (q, 2H), 1.47 (m, 2H), 1.40-1.34 (m,
11H), 1.25 (m, 2H), 1.21 (t, 3H).

Example 61: Preparation of ethyl 2-[6-{di-(t-butoxycarbonyl)}amino-2-[5-{(t-
butoxycarbonyl)amino}pentyllamino-9H-purin-9-ylJacetate (61).
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NHCbz CbzHNN O CbzN 18FnocHN 19 20To 1.6g of conpd 63

di ssolved in 30m DWVMF, were added at 0C 21 660ny of
WEDKOb/1838e8 910ny of Fnoc- Aeg- O Bu. The react i onPGDKBRI09/001256

was 22 stirred for 2h at RTsmnd then concentrated

under reduced pressure. The 23resulting residue was

di ssolved in 50m MC and washed with 0.5M aq HCl, 24

and the organic |ayer was dried over anhydrous sodi um

sul fate. Then k@gc 25 organic |l ayer was concentrated

and subj ect ed ﬁromat ographi c separation 26 (65:1
MZ/ MeOH) to \D500ng of conpd 64 as a white solid.
E)I\/BOdG) 11.59 (s, 0.4H), 11.58 (s,

B°‘%m6H) 10, 2§ (s, 855 (m V0
2000) 113626PCT Kr2OKSFH01 956 57 11H), 7.47-7.28 (m
20, 706 (br, 1H. 5 17-4.89 (m 8K, 4 34-4.28 (m

20 . 95 ) 52
3 45?%26%9 Dt Ompd B0, fisSveisin Lodht TRE GhEladted 959 of
BotsO aidl .18bn%4 dfs4- (ﬁl"l‘)l dithe?hy é\ﬁ%&)goﬁdm%r Qa‘?ﬂf Qﬁé Qdl@fon was

N-[2-{(9H flUuoren-9-yl)net hoxycar | am no} -

St"ﬁ'@d Her )J0ring 2Then(ub@rﬁzq}mmmsbwdammhbﬁwz:mlﬂqﬁg Qirgad for

1)no
305ARAHVRXKEROE oec, cand, then stifred for Anpsper 24 at the
terﬁfiéiatuﬁe NHChe ddbctibn GsltfiohNvhas cdﬂ@@nl‘i@t&l Qﬁﬁvad'dhdi\ﬂ;hd the

.11To 460nmg of co 64 dissolved in 3.6nm M
re%4 ye%taaedﬂfaszélseﬁ{m gF‘ﬂ HOrplcEATand washed dn %leétW'éh 0.5M

WP@ZI Siid ;\ﬁzgtg fe dﬁ{ﬁ'he gani c5rhye§m\9a§ rlﬁibdlm%r‘ﬂ%ﬁrgﬁg sodium

ther wa resul ting precipitate wa
sulcﬁaﬁel exire@nbatdd) Bindt sabjeoted doylcbfminéﬁigrgpbfc cseppdatﬁﬁ\ (11

as e H NVR 40 0
he>(<q}‘ne/ﬁﬁf‘)J 5163%&( B}b]tgm iﬁlﬂ‘ 8¥HZS(§ E%ﬁ dfgagl(s?lid 1,]:“ NMR
(500NMAz{ DMSOq6) 6 8.05 (s, 1H), 7.23 (t, 1H), 6.77 (t, 1H), 5.00 (s, 2H), 4.19
(g, 2H), 3.25 (q, 2H), 291 (q, 2H), 1.53 (m, 2H), 1.40-1.39 (m, 29H), 1.28 (m,

2H), 1.22 (t, 3H).

Example 62:  Preparation of ethyl 2-[2-[2-{2,3-bis-(benzyloxycarbonyl)-
guanidino}ethyllamino-6-oxo-6,9-dihydro-1H-purin-2-yllacetate (62).

NHCbz

N ’a I N\
H
CbzHN
74 N \/\N/l%N N\\
CbzN H CO,Et

Compd 50 was converted to compd 62 as a white solid by similarly
following the procedure described in Example 57. 'H NMR (500MHz;
DMSOQOgs) 8 11.59 (s, 1H), 10.68 (s, 1H), 8.50 (t, 1H), 7.68 (s, 1H), 7.42-7.29 (m,
10H), 6.58 (m, 1H), 5.13 (s, 2H), 5.02 (s, 2H), 4.86 (s, 2H), 4.12 (g, 2H), 3.50 (m,
2H), 3.46 (m, 2H), 1.18 (t, 3H).
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162H), 7.63 (m 2H), 7.50-7.28 (m 21H), 5.26-4.96 (m

8H), 4.34-4.18 (m 4H), 174.03 (s, 1H), 3.52-3.36 (m
wOok)oo1838t8 (m 1H). MS/ESI (m+l) = 1019.4 18 PCI/KR2009/001256

(observed), MN = 1018.0 (C584H1N11011). 19 20Exanpl e

66: Preparation of

N-[2-{(9Hfl uoren-9-yl) met hoxycar bonyl an no} -

2lethyl)]- N [2-{6- (benzyl oxyca rbonyla m no)-2-

[4-{2, 3-bi s(benzyl oxycar bon
Exmgiérﬁ%h n&repanayiopafng- hmrrzybxgcqrbpaybnyhpbay[dr{?é bis-

gt Bt P s a0 st acid @3

converted to conpd 66 as a white foanisohd by 2
simlarly folNdwizng t he procedures described in
Exanmpl es 63 \ N>1H NVR 3(500MHz; DMS0d6) 5 12.84 (br
1 1H), 10.14-10.13 (m 1H), 8.28 4(m
Cbim Fp'l\f { 7.80-7.77 (m 14, 7.68:7.66 (m
2H) NCﬁ'z 49 t 1H) cdotd- 57.29 (m 9H), 6.90 (m 1H),
5.17 (s, 2H), 507(s 12H) 489(s 08H)
4.35-4.18 6( 3H), 1H), I(‘n
3. 35w 29 g ﬁf ®R)Rd §7lgh$ﬁ1vedH)1 711mllgﬂd ang ZH)mI watey, was

i Mg o o 08 o 5 o A . g domin

Thé FeaBicp aohiticm wals aC|d|f|ed to pH 5~6 with 1N aq HCI at 0°C, and
(9H-f | uoren t hoxycar bonyl am

the résél! Aolmizva[secql@?ezi ytfllgeﬁ@ﬂzt9|wgc%.3%grﬁﬂgcgnaﬂu%ﬁ as a
e YR Lo, BMAOD 2595 At 1928 Gl 357
1H}, 6793 (&31H5,CHrpe7.28 (mswta)wkn e(tj m) obpds,6ZHpSS.23 (s, 2H),

s Broeatib A R 338 Gn2Bhaind @3 65 "I o

18(5OOI\/HZ DMB0d6) 5 11.99 (br s, 1H), 11.57 (br, 1H),

48- il 7.89- 2.8/ 2
%ara} o?t uty?%E—’[Q(—i@-&-ggﬁrergg@é)rgé%xyggrbonyl-
hy)3-NQ2 (6~ (béHyloRy &Fbbn{dandifd)-3- [3HR,3-bisS loxy-
anﬂﬁlﬂ}% y)Z* 48 (4{ 17 |E]‘Irknyo5y7ll—_|? ng g(ll 2)1 [%_}H)z ;_l)ﬁ)e(r&yoxy
Car@osw Puenidinolethylamings pwm)9—¥l}eg@1v gl(y@m@& @4, mwv
898.9 22(CA7THA6N8010 23 24Exanpl e 68: Preparation of
N- [ 2-{(9I—|—fIM|E)Zen- 9-yl ) net hoxycar bonyl am no} -

CszN\n/N\/\NA\N N
CbzN H Kf
FmocHN/\/N \)j\ )<

To 1.6g of compd 63 dissolved in 30ml DMF, were added at 0°C
660mg of EDCI and 910mg of Fmoc-Aeg-OtBu. The reaction solution was

stirred for 2h at RT and then concentrated under reduced pressure. The

resulting residue was dissolved in 50ml MC and washed with 0.5M aq HC|,
and the organic layer was dried over anhydrous sodium sulfate. Then the
organic layer was concentrated and subjected to chromatographic separation
(65:1 MC/MeQOH) to obtain 500mg of compd 64 as a white solid. 'H NMR
(500MHz; DMSOgq¢) 8 11.59 (s, 0.4H), 11.58 (s, 0.6H), 10.21 (s, 1H), 8.55 (m,
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25ethyl)]- N{2- [2-{2, 3-bis-(benzyl oxycarbonyl ) gua

nidi no}ethylia m no-6-o0xo0-6, 9-
wQoeavhyseo- 1H purin-2-yl]acetyl } gl yci ne (68). PONDKR2009/001256

2009/ 113828PCT/ KR2009/ 00125¢7 59 1 HN CbzHN N N N O

CbzNO 2FnmocHNOH 3 4Conpd 62 was converted to conpd 68

as a white foamsolid by 5 followi ng the procedures

descri bed i n Exanpl es 63 - 65. 1H NI\/R (500|\/Hz

6DVE0d6 11.58 % 10.88 (s 8. 51$§'m 1H),
1Hy, 847¢ 8](91,, 20H)8 O@nﬁbrmH) 517{34485(@ @}H))h 4:344%4.28t(m, 2.8H),

3l 1 395 S T 3345 P01 2R i1 g8 312
(m( 0]7I-’7)J-D.4433(s,13HL m341t§) BI—B MS/ ESI (m+1) 885. 3

(observed), = 884 (CA5H44Ni 04 0) . 10 11Exanpl e

69: Pr epar at | on

Example 65: ( rqnﬁrastglaa@fbbhga ﬂ%nﬂy@mﬁwmnhwycarbonylammo}-

<t PR P R B e iR T B kAP by

guanra#nm}edq)ﬂpnaaoeel-ﬁ)qhmrbeqﬂracﬁs&]@lycﬂn@%ﬁl mlarly
foll owi ng the procedure described in Exanple 11. 1H
NMR 18(500MHz; DWVS0d6) 8 13.03 (br s, 1H), 11.31 (s,
1H), 8.37 (shH@4g) 6 85 (t, 1H), 196.19 (s, 1H), 4.63
(s, 2H), 4. 3.42 (t, 2H), 3.11 (g, 2H,
cbaHN3 7 Rs 9I;U\ >21Exarrp| e 70: Preparation of nethyl
N- [ H- {Y/PIHfI ¥or &n-o- yl ) met hoxycar bony! -
22aNf%o} et hy1) 1- [ 6-{2- (t-butoxycarbonyl ani no) et ho
xy} met hyl - 2- ox
23pyrrol 6”‘{’@","‘3- pyTi ®Hdi n- 3(7H) -yl | acet yl } gl yci nat e
(70). 24 WD 2009/113828PCT/ KR2009/ 001256 60 1

To 460mg of compd 64 dissolved in 3.6ml MC, was slowly added
3.6ml TFA at 0°C. The reaction solution was stirred at RT for 3.5h, and then
50ml diethyl ether was added. The resulting precipitate was collected by
filtration to yield 430mg of compd 65 as a white solid. 'H NMR (400MHz;
DMSOg6) 6 11.57 (s, 1H), 10.77 (br s, 1H), 8.66 (s, 1H), 8.54 (s, 1H), 7.87 (m,
2H), 7.63 (m, 2H), 7.50-7.28 (m, 21H), 5.26-4.96 (m, 8H), 4.34-4.18 (m, 4H),
403 (s, 1H), 3.52-336 (m, 7H), 313 (m, 1H). MS/ESI (m+1) = 10194
(observed), MW = 1018.0 (Cs3Hs1N11011).

Example 66: Preparation of N-[2-{(9H-fluoren-9-yl)methoxycarbonylamino}-
ethyl)]-N-[2-{6-(benzyloxycarbonylamino)-2-[4-{2,3-bis(benzyloxycarbonyl)-
guanidino}-butyllamino-9H-purin-9-yl}acetyllglycine (66).

NHCbz

NN
CbzHN_ _N P )
T \/\/\N N N

H
NCbz

FmocHN" >N OH
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2 33.6g of conmpd 69, 3.6g of Fnoc-Aeg-Owe, 2.5g of
EDCI 1.73g of 4 HOBt, and 2.24nl DI EA were dissol ved
w0 2009AmdB2OM-, and stirred at RT for 5 1.5h. ThBCT/KR2009/001256

reacti on sol vent was renovesy under reduced pressure,

and the 6 resulting residue was dissolved in 100m MC

and washed in series wwth 1M 7aq HCl, distilled water,

and brine.The organic |ayer was dried over 8 anhydrous
sodi um sul fate concentrated in vacuo, and purified by

col Us@m@dc BBoMas ogpnusited 1o ocamptdy ﬁéoaaa a avi‘ata‘ 6@@!7\25@!@ by

SI@%gﬁlg%ggg) ré%lﬂ@%l esfcpﬁggjsﬂ ~65. 'H NMR

(SOBNHIZIDMSOR) 851).84 '(b|89 ]7H)8711(50 (s? HH) Jzo I4&]ZO 63 ((rmlH 8.28

(moi'?ﬂw 88 (ms 20, 7§07y (ki fz,.ssﬂ% (o 145 (b, 1y 7.45-

12 G I 13 8 S5 T s 35

(m1381),4800. 30 14N 3.326(r),, 113), B33-3125 (m, 63H) 3.12 8%, (sl), 1.49 (m,

4HY 1337019, (o 6rico Sy nBREQY Erdary 38 Adfobserved), MW =

9741 2- [6-{2-(t-butoxyca rbonyla ni
nong)xy 19;1 y1l-2-o0x0-2 Hpyrrolo- 18[2,3-d] pyri

mdi n-3(7 H-yliacetyllg lycine (71). 19 WO

Exa?ﬁ@%/ 6733 Prdpardtior OO MNORLRSA-floren- 9 yI)methoxycarbonyIamlno}
of cog{Bdmdl ssol vedi n75niL1: 1:

et*‘é{&é%rﬂfﬂﬁﬂﬁ &Q%ngarml)guéwgﬂ%ﬂwy&meﬁm -2-oxo-

ution was
Zélrre&zfo’ p?grrﬁhgq’?}gﬁrz%r amgy(f%vl\? W)ZO% aq 4citric
aci d. After the solution pH was adjusted to 8 with
saturated nagz 5 sodi um bi carbonate, 516ng of Fnobc- OSu
was added)h:g %he sol ution and the 6sol uti on was
stlb@d‘g FH?at RT. Then the sol ution was acidified
topH 3 7with 20% aq citric acid and stirred for 90m n
at HThe resulti ng 8preci pitate was col |l ected by
filQration to give 4.0g of conpd 71 as a 9 yel |l ow sh
greep s™lid. 1H NWR (500|\/Hz DVMS0d6) 8 12.02 (br, 1H),

851- 49(m1H) 7.89-7.88 (d, 2H), 7.70-7.50 (m
]\f% 7.42-7.28 (m 114H), 6.87 (t, 1H),
636( 633 (s, 0.3H), 5.02 (s, 1.2H), 4.84
Frb N 8N4 H124 42 (m 2.4H), 4.34-4.19 (m 3.2H),

4.01 (s 1.4H), 3.48 (t, 1.2H), 3A4-3.41 (m 132.1H),
3.37- 29(m 2H), 3.12-3.10 (m 2.7H), 1.37 (s, 9H);

M5/ BEdm wad A& HeredORS Ror§9d 6 M= a6§§le7 ?Ilow solid by
(C35H40 \1609?1 15 16Exanpl e 72 Pr epar at
<]

simifarly {follemiing dhe rprocetyrest drscribad Gorkxaanplee 63 ~ 65. H NMR
(SORMEYRMSQR, 551158 (ht . dRDOTYER BROTMP %58 (I B8 45
(m18R))r7.88-7-87 (rAceHy,! 1. 80785 en( ZR),-7.49-7.26 (m, 15H), 6.36-6.33 (m,
1H), 5.20 (s, 2H), 5.03-5.01 (m, 3.3H), 4.83 (s, 0.7H), 4.49-4.17 (m, 5.7H), 4.01
(m, 1.3H), 3.57-3.11 (m, 8H); MS/ESI (m+1) = 899.7 (observed), MW = 898.9
(Ca7H46NgO11).

Example 68: Preparation of N-[2-{(9H-fluoren-9-yl)methoxycarbonylamino}-
ethyl)]-N-{2-[2-{2,3-bis-(benzyloxycarbonyl)guanidino}ethyl]Jamino-6-oxo-6,9-
dihydro-1H-purin-2-yllacetyl}glycine (68).
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19 HN BocH N WN) N FnocHNOH 21 22Conpd 51 was
converted to conpd 72 as a white foam solid by
wWQ2woiidsas |y foll owi ng the procedures descri beRICT/KR2009/001256
Exanples 69 - 71. 1H NVR 24¢$600MHz; DMS0d6) 5 13.01
(br, 1H), 10.52-10.46 (m 1H), 7.88 (d, 2H), 7.65 (d,
252H), 7.54 (s, 0.5H), 7.50 (s, 0.5H), 7.48 (m 1H),
7.40 (t, 2H), 7.31 (m 2H), 6.81 26(t, 0.5H), 6.72 (t,
0.5H), 6.52-6.48 (m 1H), 4.98 (s, 1H), 4.77 (s, 1H),
4.33 (d, 271H), 4.23-4.21 (m 2H), 4.05 (m 1H), 3.96
(s, 1H), 3. 5(D( 1H, 3.35 (m 2H), WO
2009/ 113828, R2009/ 001256 62 13.21 (m 2H), 3.14
Cb% lklll-l) E mY2H), 1.46 (q, 2H), 1.39-1.35 (m
%" 2 25NM N2H) MS/ESI (m+l) = 717.4 (observed),
Nz 716 (C36 ) 3 4 Exanple 73: Preparation of
Ni 2-{(9H fl uor en- Q- yl ) met hoxycar bonyl am no} -
5et hyl ) ] -AwokNT 6>{ bi~§(totbut oxycar bonypani no} - 2- {5- (t - b
ut oxycar bonyl am no) -
6pentyl }aM n0- 9H pUrin-9-yijaCetynglyCne (73). 7
N( Bd)rppBo6RINwas Sfaornveridd) @1 @rbpdo6Pdash wdstec doaraysadidi by

fO'P’é{Y'P%\%BﬁgorPﬁSé%'ieéﬁ‘%f&F'Qﬁ §aBExamsder ¥a B E'Z”%@(SOOMHZ'

24500 6 1
Dl\ZQodG; MN‘K@ &: (1419 oz @&vri@g B3 %4}% (1%938(m ﬂq; 7.87 (m,

2Hy, g ((m, 21% 7 42%811(%7 24, 261(nm91€fH7) @66 (bn. 138, 5.1654.89 (m,

o Tt IS8 et ASHSES (0 945 6, a0,

MS7eSbanalj engss.3 l?bleséaveap NS = 8O TORBGITEN$0Q,). Whi ch
wer e synt hesized 19 according to Schene 4, were sent

to Panagene, I nc (ww. panagene. com 20 Daej on, South

Q a9 toPpemratienPMAZe[G b 1itebataxiy c&rtomylaainopathoxymethyl-
2- oxo 3R%D pyrrolo [2,3-d]pyrimidin-3(7H)-yl]acetic acid (69).

O O
NHBoc N—( _}7 OH

H HN-— N
O .

Compound 16 was hydrolyzed to compound 69 as a pale brown
solid by similarly following the procedure described in Example 11. *H NMR
(500MHz; DMSOgs) 6 13.03 (br s, 1H), 11.31 (s, 1H), 8.37 (s, 1H), 6.85 (t, 1H),
6.19 (s, 1H), 4.63 (s, 2H), 4.40 (s, 2H), 342 (t, 2H), 3.11 (g, 2H), 1.37 (s, 9H).

Example 70: Preparation of methyl N-[2-{(9H-fluoren-9-yl)methoxycarbonyl-
amino}ethyl)]-N-{2-[6-{2-(t-butoxycarbonylamino)ethoxy}methyl-2-oxo-2H-
pyrrolo-[2,3-d]pyrimidin-3(7H)-yl]acetyl}glycinate (70).
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21 according to the nethod described in the literature
or wwth mnor 22nodification(s) thereof. (Org. Lett.
WO 000991382291- 3293, 2006) PNA ol i gomers 23 wer ePCEER2MQM01256
from Panagene as characteriged by MALD - TOF and
anal yzed 24 by Cl18-reverse phase HPLC. PNA ol igoners
recei ved from Panagene were 25used w thout further
purification. 26PNA nononers q of Schene 5 were used
to s ELh%ﬁH&Q PNA 27 ollgoners of Forrmula | according
to € method disclosed in the prior art or 28 with
mn nodi fication(s) thereof. (USP 6,133, 444) Those
PNA T oners WD 2009/ 113828PCT1KR20091001256 63 1
wer e pfied by CHreverse phase HPLC (aq
acetanitkile wwth 0.1% TEA) and 2 characterized by
MALDI - O Figure 1 provides HPLC chromat ograns
3bef or after purification of Aigo 17 by reverse
Qﬁure 2 4 provides a MALD - TOF nass
Fn&ﬂmwf?uﬁ1 urified batch of Oigo 17. 5Figures 1
and 2 are prOV|ded for illustrative purposes only and
shoul d not be 6interpreted as a restriction to this
i nvedbgoof coRiwd @9, ghégrsf §yrmd4AQQZGMé 02.54hofs EDCI 1.73g of

HOh s 22450 TR ets Bialiechiio 79! GMERand stimed at RT for
1. ﬁprT‘h‘é' ?édcﬁﬂﬁ nuc?ﬁt Was TRiphSvel élﬁdfg re@uc@@dprgsftﬁfaefand the

unnodi fie eobase adenin guani
resamngyessluaewas ehqselmdvmi $00iib MEi arad rwaslhedblaswles W|th 1M

aq%@fq'ﬁtﬁkdgéymiﬁgmﬂ r&o%%ZWé%H%y@yeEa\fv @f%; over

anﬁ rdds23edilifeselfE Qricantatsd @ﬁe\/éth%s%?fkp%ufnﬂéd by column
illustrative gur poses only and shoul d not

Chfqmém*épb)d (300:4 ME£MeQH) & afferd 2. EgtquccsaqdeMeas(a\lyellow

fogrfsaiibt, VK R (sddER OMED. 83139 YA, 8R4 f5 AFSH) 821

(s, A0BBH)) 748973 83 (ﬂnm 27F1a7mF/L(Crr1)2H) 748 7.25 (m, 5H), 6.87 (t, 1H),
L(1) - TGC TAC- TAG- TG Lys- 745,

6.17' (s, 0.7H), 6.15 (s, 03H) 493 (s 13H) 24 (s, 0.7H), 4.40-4.39 (m, 2.7H),

435-421 (m, 3H), 4.08 (s, 1.3H), 3.73 (s, 0.8H), 3.62 (s, 2.2H), 3.51 (t, 1.4H),

3.43-3.30 (m, 3.6H), 3.13-3.10 (m, 3H), 1.37 (s, 9H).

Example 71: Preparation of N-[2-{(9H-fluoren-9-yl)methoxycarbonylamino}-
ethyl)]-N-{2-[6-{2-(t-butoxycarbonylamino)ethoxy}methyl-2-oxo-2H-pyrrolo-
[2,3-d]pyrimidin-3(7H)-yl]acetyl}glycine (71).

o\/\NHBoc

N
FmocHN” >~ OH
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3745.5 Aigo 3 TGC(103)- TACTTAC(103)- TG Lys-N H2

3319.4 3318.5 Aigo 4 TGC TAC(103)-TAC- TG Lys-N H2
wW@208/1883208.3 Oigo 5 TGC TAC— TAC- TG Lys- N PRI/RRIN9ID01256

3097.8 Adigo 6

Fam L(1)L(1)-TC(103) T- cc<103) C- AGC(103) -

GTG C(103) GC- C(103) AT-Lys-N H2 6140.1 6141.8 0 | igo 7

Fa mL(1)L(1)-TCT- CCC- AGC- GTG CGC- CAT- Lys-N H2 5584. 4

5583.1 O igo 8 TGC(202)- TAC- TAC(202) - TG Lys-N H2

3319T.01‘33'5.L899 avf go conmal 2025 C(disgsolyed TTGC( 282nET- NL:1:1

ol ale TR Y2 By e 82,2550, 350 a0 LoW.
Thel ITGQthId)ﬂl §31AtiOATwAT Gstickelt fbiy TOnMinHEnd 34utdalFR45with 20% aq
atrcljc z?ad After the solution pH was adjusted to 8 with saturated agq
sodium bicarbonate, 516mg of Fmoc-OSu was added to the solution and the
solution was stirred for 2h at RT. Then the solution was acidified to pH 3
with 20% aq citric acid and stirred for 90min at 0°C. The resulting
precipitate was collected by filtration to give 4.0g of compd 71 as a
yellowish green solid. H NMR (500MHz; DMSOQOge) & 12.02 (br, 1H), 8.51-
8.49 (m, 1H), 7.89-7.88 (d, 2H), 7.70-7.50 (m, 2H), 7.49 (t, 1H), 7.42-7.28 (m,
4H), 6.87 (t, 1H), 6.36 (s, 0.7H), 6.33 (s, 0.3H), 5.02 (s, 1.2H), 4.84 (0.8H), 4.43-
442 (m, 2.4H), 434-419 (m, 3.2H), 4.01 (s, 1.4H), 348 (t, 1.2H), 3.44-3.41 (m,
2.1H), 3.37-3.29 (m, 2H), 3.12-3.10 (m, 2.7H), 1.37 (s, 9H); MS/ESI (m+1) =
689.3 (observed), MW = 688.7 (C35H40NgOo).

Example 72: Preparation of N-[2-{(9H-fluoren-9-yl)methoxycarbonylamino}-
ethyl)]-N-{2-[5-{(t-butoxycarbonyl)amino}pentyl]amino-6-oxo-6,9-dihydro-1H-
purin-2-yllacetyl}glycine (72).

HN)ﬁ:N
>
BOCHN/\/\/\H)\\ N

FmocHN">N OH

Compd 51 was converted to compd 72 as a white foam/solid by
similarly following the procedures described in Examples 69 ~ 71. 'H NMR
(500MHz; DMSOgqe) & 13.01 (br, 1H), 10.52-10.46 (m, 1H), 7.88 (d, 2H), 7.65 (d,
2H), 7.54 (s, 0.5H), 7.50 (s, 0.5H), 7.48 (m, 1H), 7.40 (t, 2H), 7.31 (m, 2H), 6.81
(t, 0.5H), 6.72 (t, 0.5H), 6.52-6.48 (m, 1H), 498 (s, 1H), 4.77 (s, 1H), 4.33 (d,
1H), 4.23-4.21 (m, 2H), 4.05 (m, 1H), 3.96 (s, 1H), 3.50 (m, 1H), 3.35 (m, 2H),
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CA(3) T-A(3) GT- A(3) TA- A(3) GT-N H2 3580.8 3580.9 Aigo

13 CA(4) T-A(4)Gr-A(4) TA-A(4)GT-N H2 3636.9 3634.9 WO
wQ@0e9/1182828PCT/ KR2009/ 001256 64 A igo 14 PCT/KR2009/001256

CA(5) T- A(5) GT- A(5) TA- A(5) GTeN H2 3693.0 3691.5 Aigo

15 CA(7)T-A(7)GT-A(7) TA-A(7)GT-N H2 3805.0 3803.4

Aigo 16 CAT- AGT- ATA- AGT- Lys- N H2 3420.3 3418.3

Aigo 17 CA(5) T-A(5) GI- A(5) TA- A(5) GT-Lys-N H2 3820.9

3 (ot hi263) B R B 4Tr RHY 26 6T 2Kel 396537 (BycHLH), 123

g s R N R AT 21 e o
3525.6 3523.8 Adigo 21

Example 73: Preparation of N-[2-{(9H-fluoren-9-yl)methoxycarbonylamino}-

ethyl)]-N-[2-[6-{bis(t-butoxycarbonyl)amino}-2-{5-(t-butoxycarbonylamino)-

pentyllamino-9H-purin-9-yljacetyllglycine (73).

N(Boc),
NZ N\
W

FmocHN/\/N OH

Compd 61 was converted to compd 73 as a white foam/solid by
similarly following the procedures described in Examples 69 ~ 71. H NMR
(500MHz; DMSQgqs) 6 12.71 (br s, 1H), 7.90-7.87 (m, 3H), 7.67 (m, 2H), 7.44—
7.39 (m, 3H), 7.31 (m, 2H), 7.07 (m, 1H), 6.69 (m, 1H), 5.11 (s, 1.2H), 4.93 (s,
0.8H), 4.37-4.21 (m, 3.8H), 4.01 (s, 1.2H), 3.52 (m, 1H), 3.36 (m, 2H), 3.23 (m,
2H), 3.13 (m, 1H), 2.88 (m, 2H), 1.49 (m, 2H), 1.38-1.35 (m, 27H), 1.27-1.25 (m,
4H); MS/ESI (m+1) = 916.5 (observed), MW = 916.0 (C4gHe1NoO11).

Preparation of PNA Oligomers: PNA monomers o, which were synthesized

according to Scheme 4, were sent to Panagene, Inc (www.panagene.com,
Daejon, South Korea) to prepare PNA oligomers of Formula | by Panagene
according to the method described in the literature or with minor
modification(s) thereof. (Org. Lett vol 9, 3291-3293, 2006) PNA oligomers
were received from Panagene as characterized by MALDI-TOF and analyzed
by Cis-reverse phase HPLC. PNA oligomers received from Panagene were
used without further purification.

PNA monomers q of Scheme 5 were used to synthesize PNA
oligomers of Formula | according to the method disclosed in the prior art or
with minor modification(s) thereof. (USP 6,133,444) Those PNA oligomers
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Fam L(2)- TE 5) G C(102) AA- C(102) TG A(5) T- Lys- N H2
3997.0 3996.1 digo 22 Fa m
WO LRYATIB2E( 102) AT- A(5) GT- A(5) TA- AG(5) T- Lys- Ne@I/A&O@9B01256
4806.7 Aigo 23 Fa m L(2) 63
L(2)-TC(102) A- GA(5) A- C(102) TT-A(5) T- Lys- NH2 4084.2
4083.8 Adigo 24 Fa
m L(2) C‘A( 5)T A( 49) GT- A(4g) TA(5) - AGT- Lys- N H2 4348.5
4347. 4 ig
wef@@(fi@églyyxﬁam(@ae@e A& Garacstoniriigwith79.1% TFA) and

chRbprie §’5$8°&?‘%L%‘55§3) @@;&gw@ B op8atograms

beﬁﬂ@Zarﬁi @fteg ptHictiom ol (igoT TG ifAkevETée phase WdPLAN Higure 2
ProXieiret MALQT GOF, A asoHaIot, fozoa BHSERY cBmichn Oheligo 17
Flg;ug%sgmgéggg)é /rﬁ%jgggfﬁgg%%%a‘iﬁ/e purp¥&s only and should not be
interpreted as a restriction to this invention.

PNA oligomers synthesized for this invention are provided in Table 1
along with their molecular weight data by MALDI-TOF. Of the abbreviations
used in Table 1, A, T, G, and C refer to unmodified nucleobase adenine,
thymine, guanine, and cytosine, respectively. Modified nucleobases C(mXn),
C(mXng), A(mXn), A(m), A(mg), and G(m) are as defined below Table 1 along
with Lys, Fam, L(1), and L(2). These PNA oligomers are presented for
illustrative purposes only and should not be interpreted as a restriction to

the present invention.

Table 1. PNA oligomers of this invention and mass spectral data thereof.?

Entry Sequence (N > Q) MW | (m+1)°
. Fam-L(1)L(1)-TGC(103)-TAC(103)-TAC(103)-
Oligo 1 4079.0 | 40783
TG-Lys-NH;
Oligo 2 Fam-L(1)L(1)-TGC-TAC-TAC-TG-Lys-NH, 37456 | 37455
Oligo 3 TGC(103)-TAC-TAC(103)-TG-Lys-NH; 33194 | 33185
Oligo 4 TGC-TAC(103)-TAC-TG-Lys-NH; 3208.3 | 3208.3
Oligo 5 TGC-TAC-TAC-TG-Lys-NH; 3097.2 | 3097.8
‘ Fam-L(1)L(1)-TC(103)T-CC(103)C-AGC(103)-
Oligo 6 6140.1 | 6141.8

GTG-C(103)GC-C(103)AT-Lys-NH;

Oligo 7 | Fam-L(1)L(1)-TCT-CCC-AGC-GTG-CGC-CAT-Lys-NH, | 55844 | 5583.1

Oligo 8 TGC(202)-TAC-TAC(202)-TG-Lys-NH, 33194 | 33189
Oligo 9 GC(202)A-C(202)AT-TTG-C(202)CT-NH; 3553.7 | 3552.7
Oligo 10 GC(102)A-C(102)AT-TTG-C(102)CT-NH; 35116 | 35111
Oligo 11 GCA-CAT-TTG-CCT-Lys-NH; 33483 | 33458
Oligo 12 CAB3)T-A3)GT-A(3)TA-A(3)GT-NH; 3580.8 | 3580.9

Oligo 13 CAMT-AM@G)GT-A4)TA-A(4)GT-NH; 36369 | 3634.9
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Lys : 1 2 3 Binding Affinity for DNA: PNA ol igoners

of this invention were evaluated 4 for their binding

affinity for DNA by rreasuring T mval ues as foIIovvs
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OR@® 41| (pH 7. EBOIE ADRMABTAMOKHOMhat o 10DHPAE] B6IL5
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Oligo 280nm (&éf?@%@&@féameez)mw@wb%me t pr380.at uB@01.4

ahsQn

Offao 199 Sov bl IAC R RO AT RRL [ M15546 57 P Fr48.9
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Fam-L(2)-TT-C(102)AT-A(5)GT-A(5)TA-AG(5)T-Lys-

Oligo 22 4806.9 | 4806.7
NH>

Oligo 23 Fam-L(2)L(2)-TC(102)A-GA(5)A-C(102)TT-A(5)T-Lys- 40842 | 40838
NH,

Oligo 24 Fam-L(2)-CA(5)T-A(4g)GT-A(4g)TA(5)-AGT-Lys-NH, 43485 | 43474

Oligo 25 TT-C(102)AT-A(5)GT-A(5)TA-AG(5)T-Lys-NH; 43774 | 43756

Oligo 26 GC(IN3)A-C(IN3)AT-TTG-C(IN3)CT-NH, 3550.8 | 3550.9

Oligo 27 CAT-AGT-ATA-AGT-NH, 32923 | 32925

Oligo 28 Fam-L(2)-TGG-CAA-CTG-AT-Lys-NH, 3617.5 | 3616.3

1 a. The employed abbreviations for monomers are defined as below.
2 b. Observed ion peak for MH* unless noted otherwise.
3
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WO 2009/ 113828PCT/ KR2009/ 001256 66 1 between PNA and
DNA. DNAs for Tm neasurenent were purchased either 2
wo caamiBisesieer, I nc. (vmw. bi oneer.com Daej on, BOIKIR2009/001256
Korea) or from Ahram 3Bi osygt ens (ww. ahr anbi 0. com
Seoul , South Korea), and used w thout 4further
purification. 5Figure 3 provides graphs of absorbance
changes with tenperature for 6 Aigo 17 agai nst
conpl enmentary or Em'smatch DNA. For sequences of the
7/m smat ch DNAs ag st adigo 17, refer to Table 2. In
Figure 3, there isfajg tra iModed Nuskebaseat ure i n each
curve, which /\feh)L"{\ut as the Tmvalue for 9 the
curve. 10Tm values are provided in Table 2 for HPI‘M
ol i goners of thv"s—l(‘?i'?)@ ion. 11 These TAivé&tied
presented for st rati ve pur poses onf )N nd shou 6
not IQAmnji:Berpfefed as a reSmXngt Ben tHO it his
invention. 13 147 Tdble 2. Tm val ues bet Veeth PNA and
conpl ementary or tch DNA. Entry uence (5
4 3) T*", C Remark Aigo 5 CAGTAGTAGdA 55

unnodi fi ed PNA Ilgo >, Aigo 3 65 C(l%) xz%lgo4
61 CMDBY:x f{fﬁ QOXB’(CHJ68 C(2m) & ,SJ
AGG CAA- TTG( - (CHz)m )\ /(CHz)m Hz
“7“
:B=- NH G :B= Q

A S )\ ~CHo)m

! N" N N

s H o N

H e H 9
L) N~~~ L@): N~~~

HO (o] (0]
Fam : O ‘ Lys: Nz
.

Binding Affinity for DNA: PNA oligomers of this invention were evaluated

for their binding affinity for DNA by measuring T, values as follows.

4uM PNA oligomer and 4uM DNA were mixed in aq buffer (pH 7.16,
10mM sodium phosphate, 100mM NaCl), and incubated at 90°C for a few
minutes and slowly cooled down to RT. Then the solution was transferred
into a 4ml quartz cuvette and the cuvette was tightly sealed. The cuvette
was mounted on an Agilent 8453 UV/Visible spectrophotometer and
absorbance changes at 260nm were recorded with increasing the
temperature of the cuvette by either 0.5 or 1.0°C per minute. From the
absorbance vs temperature curve, the temperature showing the largest

increase rate in absorbance was read out as the melting temperature T,
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> 85 C(102) x 3 Aigo 11 59 unnodified PNA oligoner
A igo 12 ACT- TAT- ACT-ATG 60 A(3) x 4 Adigo 13 64 A(4)
WO 2ehomisg®d 14 69 A(5) x 4 Aigo 15 71 A(7) XPAI/BR2@9/001256
18 66 A(202) x 4 Aigo 27 eH5 unnodi fi ed PNA ol i goner
A igo 16 ACT- TAT- ACT- ATG 56 unnodi fi ed PNA ol i goner
Aigo 17 ACT- TAT- ACT- ATG 72 conpl enent ary

between PNA and DNA. DNAs for T, measurement were purchased either
from Bioneer, Inc. (www.bioneer.com, Daejon, South >Korea) or from Ahram
Biosystems (www.ahrambio.com, Seoul, South Korea), and used without
further purification.

Figure 3 provides graphs of absorbance changes with temperature for
Oligo 17 against complementary or mismatch DNA. For sequences of the
mismatch DNAs against Oligo 17, refer to Table 2. In Figure 3, there is a
transition temperature in each curve, which was read out as the T, value for
the curve.

Tn values are provided in Table 2 for PNA oligomers of this invention.
These Tn, values are presented for illustrative purposes only and should not

be interpreted as a restriction to this invention.

Table 2. T, values between PNA and complementary or mismatch DNA.

Entry DNA Sequence (5’ > 3') Tm °C Remark
Oligo 5 55 unmodified PNA oligomer
Oligo 3 65 C(103) x 2
- CAG-TAG-TAG-CA
Oligo 4 61 C103)x 1
Oligo 8 68 C(202) x 2
Oligo 10 > 85 C(102) x 3
: AGG-CAA-TTG-TGC — :
Oligo 11 59 unmodified PNA oligomer
Oligo 12 60 A(3) x 4
Oligo 13 64 A4) x 4
Oligo 14 69 A(5) x 4
— ACT-TAT-ACT-ATG
Oligo 15 71 A7) x 4
Oligo 18 66 A(202) x 4
Oligo 27 55 unmodified PNA oligomer
Oligo 16 ACT-TAT-ACT-ATG 56 unmodified PNA oligomer
ACT-TAT-ACT-ATG 72 complementary
_ ACT-TAC-ACT-ATG 61 mismatch (T 2 C)
Oligo 17 — .
ACT-TAA-ACT-ATG 59 mismatch (T > A)
ACT-TAG-ACT-ATG 58 mismatch (T 2> G)
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ACT- TAC- ACT- ATG 61 mismatch (TC) ACT- TAA- ACT- ATG 59
msmatch (T ---> A) ACT-TAG ACT- ATG 58 m smatch (TG

wOoe 0200824 13828PCT/ KR2009/ 001256 67 A igo 24 PCI/KR2009/001256
ACT- TAT- ACT- ATG 70 A(5) x Zplus A(49) x 2 digo 20
ATC- AGT- TGC- CA 84 conpl enentary ATC- ATT- TGC- CA 62
m smatch (GT) ATCG AAT-TGC-CA 65 msmatch (GA) 1
2Rep| acerrent of cytosine wi thanunnatural nucl eobase

Aoy ~f hi H \
O[J_yl F LI Ub l UDI re—¢tet vcul Ve——o0 L H—S—t IIVCIILI o—rafr r\C\.u
Oligectdased PMTJAJM@BAEG s aff{ini’Py flor /és(éhpIZd?’rEﬁAéﬂb)yX2
DNA. For A 10 hayi ng,S tjhree
cyt oSiHe— gGT ..u{(.:g?r’er s—sh -“vnn% Hm SXCceeup'fHeg'gaa

Olgowi I|e the A:T&rAEE‘ﬁGﬁcﬁ/hg unhodii ed O rrgsana_tih $Gondol

a Tm of 58CAT§)§§£T&@ f| ed ¢yt @si ne rmn%rirs%as(d,?g(g% ‘3?

C(]_ﬂ" [<¥a) clnwlflna_n_t_|y 8 Inmcrease
PNA ollgorrer S afflnlty for conplenmentary DNA, as

exe ér&lgéeer%ent of cytosine with an unnatural nucleobase
pyrrolocytosine derivative of this invention markedly increased PNA
oligomer’s affinity for complementary DNA. For example, Oligo 10 having
three ‘'modified’ cytosine ‘C(102)" monomers showed a T, exceeding 85°C,
while the corresponding 'unmodified’ Oligo 11 showed a T, of 58°C. Other
modified cytosine monomers such as ‘C(103)" or 'C(202)" also significantly
increased PNA oligomer's affinity for complementary DNA, as exemplified
with Oligo 3 and Oligo 8.

‘Modified’ adenine nucleobases of this invention also significantly

increased PNA oligomer's affinity for complementary DNA. For example,
Oligo 15 having four ‘'modified’ adenine A(7) monomers showed a T, of
71°C, which is significantly higher than the T, of 55°C observed with
‘unmodified’ Oligo 27. Other ‘modified’ adenine monomers such as A@4),
and A(5) also markedly increased affinity for complementary DNA.

‘Modified’ PNA monomers of this invention were found to be quite
sensitive to base mismatch. For example, decreases of 11 ~ 14°C in Tn
were observed with single base mismatches for an A(5) monomer in Oligo
17. Single base mismatches for a C(102) monomer in Oligo 20 resulted in
decreases of 19 ~ 22°C in T,

Cell Penetration: In order to evaluate the cell penetration ability of PNA

oligomers of this invention, cancer cells of human origin were treated with
PNA oligomers covalently tagged with fluorescein. The applied method is
provided in brief as follows.

To each cover glass (autoclaved) placed in each well of a 24-well

plate, were seeded 20,000 ~ 100,000 cells depending on the growth rate of
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9 wth Adigo 3 and digo 8 10" Modi fied' adenine
nucl eobases of this invention also significantly 11
wo nawassesl PNA ol i gonmer's affinity for conpl ene@t/&RZ009/001256
DNA. For exanple, 12 Aigo 4% having four 'nodified
adeni ne A(7) nononmers showed a Tm of 1371C, which is
significantly higher than the Trn of 55C observed with
14 'unnodified' digo 27. Oher 'nodified adenine
nmononers such as A(4), 15 and A(@E‘Sj) al so_ mar kedl
the cell dingeusess mngi the eells werm Calia aaty?»m.andé%o%@ﬁ ifeg16 to
NA: r hi, Sc i Lab: [ .
2415 THRTAE ePlurh 3s (BERERU WietCS00 Heth, ChibRagl, e
(with of WithditCl $enF BS)ntdl 8/hielhr evas teleledesh wlilios bhghestbels solution

of s SIRRERE MG Y2085 HeBrErOTHACei gdiiey cells were
cult@d fdid H@si%@ia?&?"gﬁ%ﬁfa?, e ddlis-wé CR/v'aE‘hx%r it PBSCShY fixed

Penetration: -In order to evaluate the cell penetfation
by abcubatyngfin BNI6260 Uiy pacafermaldehydei nVleatdetis werantteroughly

Il f i 0| ted wi PNA
waSfied Sririe! U5 BHNTDES K 0RP PeRTINASH LbcbuRen e Then the
coddiPgiRd Was hebunted SONRY iadgRdé NglBEd &fsirRp d UbPWef #BlAting
each cover glass (autoclaved) placed im each well of a
solptiofepnd 2seafrchtvith viaile polishidar zondo! - fluoescame: atitescopy.

AR89 AR SO R SUENEL 0% 2 L5, 10 gprioc

micdcope (Garhsaryr at ce3X ubbfécave 36E andaSNikéR Tasi Lébonfocal
.to 2 24h. Then the nmedi umwas replaced with 50091
MigrosspPe3t AOKEAPIBEHY&im 3(with or without 1% FBS), to
whi a |k o} ck solgutj gn
PNA o e:lvg%ﬁe?)gggygpgﬁt Ilrﬁgggsgg@d%\%lﬁhgfilfuor ggcdélgnpé%\g{j%(? for
illustrbtige \prirpoSesulonly @ddf shioulddest peainesrprateelr sila rédteiction to
hcel | s gvere g/ashed with PBS, and fixed 6 by incubating
the presensdyeni9Npar af or mal dehyde. The cel |s were

t hor e il | R i
ol LIPS oM SRR e o
63xwbyrctivebat 3, 3 aid ddhgiftesHels ogflsawdreotreatedraditit Oligo 1 and

0ligB s S desatiyBliofythagf Epshr Wbtk dBiarpsissce itensity s
clebPla@d BéddHes Weaasz,ed@,2@Mi:5$€§&erﬁ'69§&1udrés¢€r&@0§ﬁ&ﬁ>s¢ty is
(Germany) at 63X objective or on a Nikon C Si confocal

fainbinfiguse ddpe indicatng dbpe@ligeel pesetrataseHeLperbs signifigantly

' i ' S, - are provided for
fas&%i qi\%ﬁspﬁgﬁd@@égu-g@%%ezg only and shoul d not be
i nt dnpfiguedSes end SH) aed ippovitled I@irecdlr ®sebscop Ejmages (at
are provide

63i nyentjon. 16l n Figure gge_ and 4(b), _ C
X Restive) (A2 sk dpyaliten M -7atells7este drqaded iwish Qlige 6 and
Oligoalf‘%tzﬁ?u@f,trggpéﬁkfélf tRoUE FBS). VIRNE HU¥rkL Ak IRtdnsity is
clear and becomes intense over 1h in Figure 5(a), fluorescence intensity is
faint in Figure 5(b), indicating that Oligo 6 penetrates MCF-7 cells
significantly faster than ‘'unmodified’ Oligo 7.

In Figure 6(a) and 6(b), are provided confocal microscopy pictures (at
40x objective) 6 or 24h after Hela cells were treated with Oligo 1 and Oligo
6 at 1uM, respectively (with 1% FBS). While fluorescence intensity is faint

even at 24h in Figure 6(a), fluorescence intensity is clear and becomes
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18lig() 2 at 511M respectively (wthout FBS). Wile

fluorescence intensity is 19cl ear and becones intense
Wo@@o/1238R8 i n Figure 4(a), fluorescence intensiPFI/KR2009/001256

20faint in Figure 4(b), indgcating that Aigo 1

penetrates HelLa cells significantly 21faster than

"unnodified" Aigo 2. 22In Figure 5(a) and 5(b), are

provi ded confocal m croscopy i mages (at 2363x

objective) 0.5 and |h after MCF-7 cells were treated

intense, over gdhan digureaeib). eigpesting . that (Aligoeg peretrate ylela Cells
. i t ' | uorescence intensity is 25cl ear
Slgg\’#&éa&glyofrargts%atn?m@oi’er lh in Figure 5(a)?/

fl gpllneﬁ'ggmeeﬂbhtaeﬂsd ; V(bb,6ia$e 2bfomded idsg@%aurmlic;iéhjopy pictures

ndj cat.i ng_t hat i 0o enetrates F-7 cells .

<4dz<79 Lﬁﬁﬁ'f’?)gaﬂgl%ﬁqfa’&%%ﬁ'ﬁg%m drersed rwidla Oliga g4 and Adligp 28
ot BN AT FOSE, BRI YR B8R oL AESHBN i
Figuee| g(a)ertierer entredl signific@ht fluctesmeihc@l irdensiB06n aFigure 7(b),

111 re cti.vel with 1% F ) ile fluorescence
suggeting (GBE NGB, 215 enkirate’ AR (o8l Saniicaply | Tster  than
‘udrhdarRc eNigd 2atensity is clear and becones WO

/ 82%?(:17

2009/ 113 KR2009/ 001256 69 1intense over 24h in
Fi guneFiguts /(a3 wagkedid)naret peavided gonboqak meicresicopyiiatures (at

0L Sy 8BS o 87k Sk Paill Wi OUdh Al bAH Gigo 26
at R, Uiee BedkivehDXwRROEC FBS)E) VKt dilibpésceAR GRlensityd etrong in

.treated with digo 21 and Adigo 28 bat 21..tM"
Figusg pédi ¥eerg (svinthaignibem)t flwerescencaorgenehcdn Figure 7(d),

oGS U OREODY SRR Rodd et SIS st han

‘unfaadidieslt Qligot 28t A i go 21 penetrate JAR cells
significantly faster than 8 unnpdified' Qigo 28. 9ln
Fig Pehgt’@ g‘ﬁda"f{ gff) %rﬁepmﬂ%éent%ﬁ FRISTOSKPRY duedipes (at
iH;i r c ;
40F Rt 13h dfter HELS SRS el réghBabisgrofzd 21:5h Dligo 28
at 2edpemspedively without FBRS) Wi |fliorésomnes detersity is apparent

in Siggier 71ty by BO slpiicant dhoresdriceriiapaby iy Figure 7
sudgédti St'niaﬂlgdi 8t 2@r ip?ﬁe?r&t@elqéﬁé aééllsAgfb?\iof@Hﬂ%Z E1;aster than

ST gni f1 cant an 14' unnodi fi ed' i go .

‘'unreodifiedgMigo72®) and 7(f), are provided confocal

m croseo pLctures (at. 16 40x objective) 12h.after
et e EfEe A fED PFE 4B K OOEH “SierbRipRy TG (at 40x
objettiveRa%h sfeaPriels \celly vievet ieatedRRh OllBol 21 at Z#M (without
| uorescence intensity is apparent 18in Figure 7(e), .
FBPher Givien #batsitgei eeltuant flupiascereaipe F|9W§ng(9)y'5i significantly
' f 4 st Ng t ] e
strhBpt St that SOHGSRET TIDE O, 2%, e BT PP AR KREP 2an
rath8r tRdn A2Rkj gure 7(g), are provided confocal m croscopy
pictyres (at X 22 objective) 24h_after HelLa cells
wer '99%&3@31 %l%?)hamji ) Proyide; gapfacay rASIASCOPY images (40x

objective) 24h after Hela, A549, and JAR cells were treated with 2uM Oligo

22, respectively (without FBS). All the images are associated with
fluorescence within cell, indicating that Oligo 22 possesses good cell

penetration in the tested cells.
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23FBS). G ven that the celluar fluorescence in Figure
7(g) is significantly 24 stronger than that in Figure

WO t@p/1138L8 go 21 appears to penetrate over 24h PSI/ERR@9/001256
than 12h. 26Figure 8(a), 8(B and 8(c) provide
confocal m croscopy imges (40x 27 objective) 24h
after HelLa, A549, and JAR cells were treated with 21IM
Adiqo 2822, respectively (without FBS). Al the inages

et o " Hlg2 ) SRS 11 B0 b same bse

QeRaat HofD | 1t L
Se§0_09/ 11%%?8PPCZF/a‘&ngg&ZSg%%%G&@g'@WAﬁﬁ s“\'é%ere&oaftr%q Lo inhibit
theribgsomalisynthesigoofl ndio2 se dbe tliterasanes (Maskei AsitsuRes sl 32,

483345817 0% (Jod 9,p83Riae 12 Vews"@vafiatiddor ek abiity to
infibiteted WilsosdmbiCIsphtheSizi @F RRIM2 VI JAR 2lI¢883-16f8ks. The
2004) digo 9 anddiqo 12 were evaluated for their

follgwingt gntisersenexasnplet isepraspotasiior dlustrative spwposesiorily and

. ) . ' ti . |
shodid gt b ifferbfhed R a RATIALE IO ME Bedighg iR ™ ©
7shaAR] ceils lQA_TCOt eawﬂ? ed fTBal44)stwéret ig@ﬁwho ifh hARPMI-1640
.esent inventign. 8JAR cells (ATCC catalog # HTB-144)
m‘%’év@ @lﬂmlﬁmerntﬁgwthé@% 58%@@¢u1a%srawpélrmﬁ€r@§twwm1«'60/%7°C

S5 % B Bt SEERATIED bR 5 T i
cohtziviBll 1PIabE thé &ARE 8RN/ ;Ehdo“tretglﬁé‘d SRR Qﬁdz%:ltg’l']ot of an

and treated with an aliquot of an 12aqueous sto
aqyeous stackofoldiogof Pligo 8 drg@lige 13 obadiesigneteddoncentration.

Thef AR B TR indp e TP C M S EER AP ASY vere

was etk \welld) i€ dadhPRSI ansret vashed with told8HY hnBl {?éateddwith

buf f er containing 1% protease inhibitors cocktail, an
80ph &It ffars coatainingub%t prptease anhikitosgyicosktadl, sindhwthe plate

1.y, e~C . Wa C out
was hodBelt afBCCoA Bialld SREy Hondrmict TG HERL 31 each
wellSwéo scrhpednoanichto enticrotgisel arhel hiokgbe Wes Ireaibbtddth ice

suyper.nat ant vvasglgc IIecieg and subjected to protein
forq JRIRRIN: iRgk icEAtHYIRAaat ot Q08RG ay Tng resuliiest sppemagant was
S ; ckLo S-S, : [
cofdiieShid SRcOIal BRAERS Genffibstioh B BiskforéfSssay and
westgrarkliotiapalysisar &oe élextrdphosess, 20per ob protedn 2AasPdalled onto

ran 0.45p, MIllipore). The prinmar n2 anti bod

eaffE B of i osll aiiniad dnmeptiSesdRerars ped draseaiiad ohto o

JFOhRGA AfAi 9 v ; '
P eI o [ UBbR)., B RS AN pfiiBoqy e for
weetdrgdolottirg s C-265 L(Midlai GuiziBiptexbinodagyyent wi th t he

26 ol.igomgrs_at ,5p. M or 10p.M each,, and nk (no .

ol | Qo r Beeel es i BB oS ok IpR e Fpated with
S5uM igo18pM Glig809,18Mrorc ADLRAL NBIiGoWMLHh cBtre8EmEnt with the
oligomers at 5uM or 10uM each, and blank (no oligomer treatment). In

Figure 9, treatment with Oligo 9 or Oligo 10, or cotreatment with Oligo 9

and Oligo 10 significantly inhibited ribosomal synthesis of mdm2 in JAR cells
both at 5pM and 10uM.
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28and Adigo 10 significantly inhibited ribosonal

synthesis of mdn2 in JAR cells 29both at 5i.LM and
wa0joevi3s2® 31 WO 2009/ 113828PCT/ KR2009/ 001256PF1/KR2009/001256
2CLAIMS 3 41. A peptide nucleic acid derivative of
Formula | or a 5pharmaceutically acceptable salt
thereof: 6 0 VNNNzFormula | sl, 7'1(Tisn-1 Tn-1SnTn 8
9wherein, 10n is an integer equal to or larger than 5;
11Si, 52,Sn-1, Sn, T1, 12, Tn-1, and Tn i ndependently
represent 12hydri do, deuterido, substituted or
non-substituted al kyl, o ituted or
13non-substituted aryl rgﬁﬁgﬁﬁs 14X and Y
i ndependently represent hydrido, deuterido, hydroxy,
15substituted or non-substituted al kyl oxy, substituted
or nbn-subst peptidel Tealeyt oayid sdestativet eof oFormula | or a
non-suhstituted am no §ubst|tuted or non-substituted
i?ﬁ?%?fmagﬁﬁ§f??ﬁ¥%ﬁsﬂf ReeoEubstituted acyl,
substituted or non-substituted 183u|fony| or
substi tut ed gr non-s bstltuted ary radlcalB 197

represeniss ydrl dg eut eri do 8 oxy, gubstituted or
non- ZOsu ted xy, é([tout ed ﬁ/e

non-Sybsii Ubs t/lh’t Qe W)L Formula |
21non~s amr oH substl ut d or

non- subst’ |tut ed aPkyl: or substi" ut"gd 258r Tn

non- substituted aryl rad| cal; 23B1, B2, ..., Bn-i, and
Bn are.| | hdependent |y sel ect ed from nat ural

24nul'e68kses i ncl udi ng adeni ne, thym ne, guanine,

cyt asisgn amdger @qubl t@ad |£r@@nrﬁ|@é~sal nucl eobases; and,
26at_| east one of Bi ., Bn-1, and Bn

i ndeperident| po- n:eﬁnlegenfr 5 an Baurand dhaindepeneienslyerepresent

i, eBHARS HUBR00e 8 RRLPLH SE HS °Sbpe o
nodewbsuujtedba‘yleramw ng 29properties.
X and Y independently represent hydrido, deuterido, hydroxy,

T
>

substituted or non-substituted alkyloxy, substituted or non-substituted
aryloxy, substituted or non-substituted amino, substituted or non-substituted
alkyl, substituted or non-substituted acyl, substituted or non-substituted
sulfonyl, or substituted or non-substituted aryl radical;

Z represents hydrido, deuterido, hydroxy, substituted or non-
substituted alkyloxy, substituted or non-substituted aryloxy, substituted or
non-substituted amino, substituted or non-substituted alkyl, or substituted
or non-substituted aryl radical;

By, Bz .., Bn1, and B, are independently selected from natural
nucleobases including adenine, thymine, guanine, cytosine and uracil, and
unnatural nucleobases; and,

at least one of By, By, .., Bn1, and B, independently represents an
unnatural nucleobase with a substituted or non-substituted amino radical
covalently linked to the moiety responsible for its due nucleobase pairing

properties.
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WO 2009/ 113828PCT/ KR2009/ 001256 72 1 22. The peptide

nucl ei c acid derivative according to CCaim1l or a
wepdvanmaeeuti cal |y acceptabl e salt thereof: 4wer/&RR09/001256

5n is an integer equal to ov2larger than 5 but smaller

t han or equal to 630; 78I, S2, ..., Sn-i, Sn, T1, T2,

., In_i, and Tn are hydrldo radical; 8X and Y are

[ ndependent |y selected from hydri do, substituted or

non- 9substituted al kyl, substituted or

non- substitut ed acyl substitut ed or non-

10subpst t c & i tu :

non- gubrsrblét ut'e arrﬂ{&y cI:aI(? %e%)éraég)s@{} st%yglral"ao,l or a
pHaymaoMcailytas:teptabdm sa:lt thenwrﬁbst i tuted al kyl oxy,

12substituted or non-substituted am no, substituted or

non- ¥06%'M ut ed al kyl, 13or substltut ed or

non- § 4 ahi ihtdgd OQI tba&' RfGer HHHRALS R4 srm?ller thBnior &4hI to

Bn are |ndepend |y selectedd from natu
3015nucl eobases i ncl udi ng adeni ne, thymine, guani ne,

cyto e an C and 16unn ur al cl,eobases:
Y o o Smib Sor T2 go o, and kpare hdGHERadRER
i ndexemdentEry |r$@é;§éﬁc%ﬂ\t rs@l@é@&‘fﬂﬁhqﬁ)ﬂindﬁi%h%@ﬁﬁ% or non-

epresented by Formul a Formula 117, or Formula IV:
su&gtltut kv, pr$tltygeqi\| (0271 np,msub;stﬂmtqd; acyl sukstisited or non-

subdtituted sulfonyl, and substituted or non-substituted aryl radical;

Z represents hydrido, hydroxy, substituted or nonsubstituted alkyloxy,
substituted or non-substituted amino, substituted or non-substituted alkyl,
or substituted or non-substituted aryl radical;

Bi, B2 ... Bna, and B, are independently selected from natural
nucleobases including adenine, thymine, guanine, cytosine and uracil, and
unnatural nucleobases; and,

at least one of By, By, ..., Bn1, and B, is independently selected from

unnatural nucleobases represented by Formula Il, Formula lli, or Formula IV:

'f1
N-R, NH, 0
¢ N Ly
J~NH ,.T,., N)\r;lH ,.,’\l‘.., N NH
| \l I Lz\’:l,R,, ! La\,;,—Re
N" 0 R3 Rs
|
Formulall Formula lll Formula IV
wherein,

R1, R2, R3, Rs, Rs and Re are independently selected from substituted
or non-substituted alkyl, hydrido, hydroxy, and substituted or non-
substituted alkyloxy radical; and,
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1 23R1, R2, R3/ R4, RS and R6 are independently

sel ected from substituted 24or non-substituted al kyl,
whyawildis2s hydr oxy, and substituted or non- PCT/KR2009/001256

25substituted al kyl oxy radizal; and, WO

2009/ 113828PCT/ KR2009/ 001256 73 1

L1, L2andL3ar eacoval ent | i nker r epr esent edbyFor nul aV 2

connecting a basic amno group to the noiety

res ons bIe nucl eobase 3 pairing properties:
For nkir alav 432363“7 AhePVA ?ﬁ”tgf‘@efafﬁpr%@ nfed by Formula v

coﬁHPét‘ir‘ng? W alerarﬂﬂ{b ?‘r‘géb Y l'l?eldn elg Qﬁénsbas for9 nucleobase

radi ca rect iCc amn
pagrnngrong@ Qa and Qm.i are independently sel ect ed

fromsubstituted or 11 non-substitutednet hyl ene,

oxygen(-0-), sulfur (-5-),and substitutedor 12

Q1 Q
/ ~
}‘z,, a3 \]\Q(1 st Formula V

wherein,

Qi1 and Qm are substituted or non-substituted methylene (-CHy-)
radical, and Qn, is directly linked to the basic amino group;

Q2 Qs .., and Qm-1 are independently selected from substituted or
non-substituted methylene, oxygen (-O-), sulfur (-S-), and substituted or
non-substituted amino radical [-N(H)-, or —N(substituent)-]; and,

m is an integer equal to or larger than 2 but smaller than or equal to
15.

3. The peptide nucleic acid derivative according to Claim 2 or a
pharmaceutically acceptable sait thereof:

wherein,

n is an integer equal to or larger than 8 but smaller than or equal to
25;

S1, S - Sn-vs Sny Ty, T2, ., Taar, @and T, are hydrido radical;

X and Y are independently selected from hydrido, substituted or non-
substituted alkyl, and substituted or non-substituted acyl radical;

Z represents hydroxy, or substituted or non-substituted amino radical;

By, Bz ... Ba1, and B, are independently selected from natural
nucleobases including adenine, thymine, guanine, cytosine and uracil, and
unnatural nucleobases;

at least two of By, By, .., Br.1, and B, are independently selected from
unnatural nucleobases represented by Formula II, Formula Ill, or Formula 1V;

Ri, Rz, R3, Rs, Rs and Rg are independently selected from substituted
or non-substituted alkyl, and hydrido radical;
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non-substituted am no radical [-N(H)-, or
-N(substituent)-]; and, 13 mis an integer equal to or

WO a00gat3sehan 2 but smaller than or equal to 14PABKR2H9/001256
16 3. The peptide nucl eic acjgd derivative according to
Caim2 or a 17 pharmaceutically acceptable salt
thereof: 18 wherein, 19 nis an integer equal to or
| arger than 8 but srral | er than or equal to 20 25; 21
Sh., S2, . Sn-1, Sn, T1, T2,Tn-1, and Tn are
hyerd@ndancaane s@ztwtsddownanesubﬁu@ﬂ@dd@ﬁthx}e@@|r@téncek1 and

r u 23 substituted
Q"‘a (ﬂ]’é@fg I b&i Hfé FB%E %%'RE’ BSt ituted acyl
radl(QgIQ3,24 éndeQresard mdéﬁkmey\xlyofeléabdtfrbm edbstituted or

non-substituted am no radical; 25
nom&@zt'tutedBneihﬂmmgﬁnd@%ﬁa@n@|r;agt,cab@tr@df r onnat ur a

I 26, Nl ¢ddin e
cyt L ReTERREGER e L Bra P Khtkdlr BHAT Gypal to
12at | east two of 131, B2,Bn-i, and Bn are independently

sel ected from 29 unnatural nucl eobases represented by
Formula Il, Formula Ill, or Formula 1V; 30 R1, R2, R3,

R4, A5 ’ﬁ‘i@cfﬁ%ltﬁ:fee du@%@@%‘&ﬂf"&érwaﬁ% eéitc%pdlﬁﬁdf% Clalm 2 or a

substitute or non-substituted al kyl, ydrid
phamdaceytically acceptable salt thereof:

wherein,

n is an integer equal to or larger than 10 but smaller than or equal to
25;

S1, S2/ <.y Sn-1s Sy T, T, ..y Toa, @and Ty, are hydrido radical;

X and Y are independently selected from hydrido, and substituted or
non-substituted acyl radical;

Z represents hydroxy, alkyloxy, or substituted or non-substituted
amino radical; and,

By, B2 .., Bna, and B, are independently selected from natural
nucleobases including adenine, thymine, guanine, cytosine and uracil, and

unnatural nucleobases;

at least three of By, By .., Bni1, and B, are independently selected
from unnatural nucleobases represented by Formula Il, Formula Ill, or
Formula IV;

Ri, Rz, R3, R4, Rs and Re are independently selected from substituted
or non-substituted alkyl, and hydrido radical;

Qi and Qn are methylene radical, and Qn is directly linked to the
basic amino group;

Q2 Qs .., and Qm.1 are independently selected from methylene,
oxygen, and amino radical; and,

m is an integer equal to or larger than 2 but smaller than or equal to
10.
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WD 2009/ 113828PCT/ KR2009/ 001256 74 1Q and Qm are

substituted or non-substituted nethyl ene radical, and
w@asywimgli rectly linked to the basic am no grBUPKR2009/001256

3(22, B, ..., and Qm.i areyindependently sel ected

fromsubstituted or 4non-substituted nethyl ene,

oxygen, and am no radical; and, 5Smis an integer equal

to or larger than 2 but smaller than or equal to 612.

7 84. The peptide nucleic acid derivative according to

Claim2 or a 9pharnmaceutically acceptable salt

t her gof ; O e

| ergo! Thd BRI Puchlf A M AP ksl 18,85 2 or 2
phéﬁﬁacebﬁ&:ally acceftable sai0thdrkofT2, Tn-1, and Tn are

hydri do radical; 14X and Y are i ndependent ly sel ected

frorf'f"h?r(ﬁ”l‘rdo and substituted or 15non-substit uted

acylp ragy Qﬁ‘ﬂegreﬂ'%u%%g)?ﬁ%&;t%égﬁgéqwmtaér%éﬂl et anoér equal to

substltuted non- s amno ra
2018B1, BZ ..., Bn- 1 and Bn are independently selected

fro tur 1 obases i nc] udi ng eni ne,. thym ne,

gua 1n 2 - ;%wﬂs%‘n anéd ur @zillandaﬂfdaﬁ)h}ﬁ%é‘#%lr%@'cal
”UC|)?%*h@S¢5areaﬁéé ér?&’éﬁ I@@te@f ggﬂn h?ando and %ﬁb@}ltuted or
and Bn are I ndep en dently sel ecte rom unnat ur a

noncmhsuba‘edsaqyépacﬁsdnt ed by Fornula 11, Formula Ill, or

|
ndebERiEeTt AR T SHETRYESLeY R afL 658558 amino radical

non-gubgl it ut ed,aldnd . Band hwdepehienn) %%|ect€(§(}ro?rndnatural
%Qare methy ene radi caI and is directly linked to
nuglge

bavesingliediag adeqineuhymew, gy@snendytosirie and uracil, and
unhQHﬁQFRS@Q&E%{sée' ected from nethyl ene, 29 oxygen, and

no ra and, 30mis an integer equal to or

| ar g#tr [dabanhizeb of Bi;TEBZI er, Bhanamd BouRd nﬁ@e&%ntly%lected
2009/ 1138 8PCT %009/ 001256 75 1 25. The
|

pep
frof cvenatusdli auglepbases vermRseater nlaytﬁor@ulamlh B«Prraula i, or
Formula IV,

Ry, Rs, and Rs are hydrido radical, and R, Rs and Rg independently
represent hydrido, or substituted or non-substituted amidinyl radical;

Q: and Qmn are methylene radical, and Qn is directly linked to the
basic amino group;

Q2 Qs ..., and Qm1 are independently selected from methylene,
oxygen, and amino radical; and,

m is an integer equal to or larger than 2 but smaller than or equal to
10.

6. The peptide nucleic acid derivative according to Claim 2 or a
pharmaceutically acceptable salt thereof:

wherein,

n is an integer equal to or larger than 10 but smaller than or equal to
20;

S1, S2 ..y Sn-, Snv T, T, .y Ta1, @and Ty, are hydrido radical;
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3pharmaceutical ly acceptable salt thereof: 4wherein,

5n is an integer equal to or larger than 10 but
wepmbliess2g han or equal to 620; 7Si, 52, ..., SPCT/KR2009/001256

12, Tn-i, and Tn are hydridoyg adical; 8X and Y are

i ndependent|ly sel ected from hydrido, and substituted

or 9non-substituted acyl radical; 10Z represents

hydr oxy, or substituted or non-substituted am no

radi cal ; 11Bi, and Bn is independently

B2, ..., Bn-1,
sel etrad Yraimiﬁdemmerlhngféegéﬁa&@@ hyidridai apd substified or

_h:}([g ' . gytosine and uracil, and 13unnat ural
nc)huc ggggatsegwlzgq'cﬁéast three of Bl, B2, ..., Bn-1,

and Brepresentsdeyirogerdrl sutstitutetask Adhsabstitured Wnaiho radical;

nucl eobases represented by Fornmula Il, Fornmula 11, or .
16 For nka a- \ﬁ,nam@EF Bae,ar%dadﬁgeaéanwoﬁq?%eéa&pem adenine,
14 ; ' qﬁgﬁq .esent hydri do,
thy@ﬁﬂgﬁég?bﬁf gg{bglrn%(’righ-asu stglt%mﬁggleé%aglg%yl radi cal ;
19QlataledsQtheeree ofreB h\Bene Bagdiarad Braa @ueperdientlgt $elected

linked to the 20basi ' . 210z, d '
frogp oAbl ACREPoSRs aEPianiksh et FPaW o SEagraulR, M. or
FoAfdlaw:no radical; and, 23mis an integer equal to or

Iargﬁar than 2 but snaller than or equal to 2410. 25
266.RiTHe, pept Regraiydegro eadichldandvRa iRee amck By dndepeandently

' . maceutical |y acceptable salt
rquﬁgér&%y%'ﬁéggﬁ(,gm%gw '%a?'an i nteger equal to or
| ar g@f dnlda @l @réuhethyidneckadibalD a0 €V direc8Ptiked to the
31Si,. S2, ...,5n, TIf T2/ Tn-i, and Tn are hydrido

ba?'ﬁ@i”@ﬁp;ér%}2009/ 113828PCT/ KR2009/ 001256 76 1X and Y

are 4n end ly s : '

subsH (2 e 2t S L€ ghicee RS 8 methylene, and
oxygeT esdhtcdisahgtdr oxy, or substituted or non-substituted

amino radical; 4B1, B2, ..., Bn_i,_and Bn are

| nadPdhaeHNSIXeRaial da 91 BrgerdTR bussafierdhan or equal to
8. guani ne, cytosine, and unnatural nucl eobases; 6at

| east three of Bl, B2,Bn-1, and Bn are independently

selected 7 fromunnatural nucl eobases represented by

Forn}_ll aTP'\@! ’pe%%rd%wngclle}cl acid derivative according to Claim 2 or a

pharmaceutically acceptable salt thereof:

wherein,

n is an integer equal to or larger than 8 but smaller than.or equal to
20;

S1, S2, ... Sn-1s Sov To, T, -y Tier, and Ty, are hydrido radical;

X is hydrido radical;

Y represents hydrido, or substituted or non-substituted acyl radical;

Z represents hydroxy, or substituted or non-substituted amino radical;

By, B2 ... Bn1 and B, are independently selected from adenine,
thymine, guanine, cytosine, and unnatural nucleobases;

at least three of By, B, .., Bn1, and B, are independently selected
from unnatural nucleobases represented by Formula Il, Formula Ill, or

Formula IV;
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8 Formula 1V, 9R1, R3, and R5 are hydrido radical, and

R2, R4, and R6 independently 10represents hydrido or
wa@pooditmgks r adi cal ; 11Q and Qm are net hyl ene redi/&RRG09/001256

and Qnis directly linked tp7the 12basic am no group;

13(22, B, -, and Qn.i are independently selected from

nmet hyl ene, and 14oxygen radical; and, 15mis an

i nteger equal to or larger than 2 but smaller than or

equal to 168, 17 187. The peptide nucleic acid _
der i RatRw @ngc Roraie ydrislacraginalo apd B2, Rs, and Re independently

reﬁ%ggﬂwi&§$Mé%9?Hkgpl e salt thereof: 20wherein,

~21n is an 1 nteger al "'to'or larger than 8 but
smal Lerepresants €GHa)b-@(CRI2RQ; -CBSIO-(SH;),-, . or SDHH;-OB(CH,)s3-

.Ti T2 e INnLi, d, T dri do.radi |; 24X i
with thel fght & da et ke d8cRe Sampmins dspup: and, -

subsitidridf ed afd ittt $H1&de8R¥Sm! adiLER-O- 7 SifH2s-

represents hydroxy, or sdbstituted or non-substi

O-_éﬁi;ﬁzr, r-éGHc)a’rQ-(QlT'B)h:, 3(%‘!25&_ F(gl‘&hd, B(tCl‘ng)zﬁ -(CH2)s-, -(CHys-, -
el.ect ed. f,rom adeni ne ne, o
(critin i Chbls MitS R riandnd Sty Soked de Fieppesic amino

gré@ast three of Bl, 132,Bn_1, and Bn are independently

selected 30 fromunnatural nucl eobases represented by
Formula Il, Fornmula Ill, or 31 Formula IV, WO

20094 11382 00 .and_R5 are ..
200 LR ER AL e o Chor gt ThgeBeuricaly
effectty asmunthyfdihiedpeptidamiudieiy lacidadefiddtive3bf ah@psres 8 Claims
-\(Z‘CI—Q)Z-O-(CI—Q)Z-, -012-0- (,CH2) 2-, or_-CH2-0-{CH2) 3-
1 24 phaiharmagrbitieqlly accegtakieselt thereefdfor @ thesapeutic purpose.
am no group; and, 5L2 and L3 are independently
selected from-(CH2)2-0-(CH2)2-, -(CH2)3- 6ntri-in
fr 1-A1fA adthodltdl yise M@ peptide huckie locid dé@rijva- of amygl one of
Cla;ijrgcqs) - vvithI he rigg(t) e,réd is directly linked to the
Sit "afiN A %ai;ff'&‘%[ﬁ? '3a AIANASHERUIPPER!  conposi ti on
containing a therapeutically Il effective anmount of

the peptide nucleic acid derivative of any one of
Cl ai¥s A method to use the peptide nucleic acid derivative of any one

of Claims 1 ~ 7 or a salt thereof for in vitro modulation of cellular protein

expression.

11. A compound of Formula VI

HN-P,
{
JNH

N
| PN Formula VI

N™ "O

o o}
Pq<
1 ”/\/N\)I\OR7

wherein,
R; is hydrido, N-succinyl, or substituted or non-substituted alkyl
radical;

P1 is selected from hydrido, t-butoxycarbonyl, (9H-fluoren-9-
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121 - 7 or a pharmaceutically acceptable salt thereof

for a therapeutic purpose. 13 149. A nethod to use the
w@epbilds2ucl ei ¢ acid derivative of any one of PABER2000101256

1 - 7 or asalt thereof foryse diagnostic purpose. 16

1710. A nmethod to use the peptide nucleic acid

derivative of any one 18of Clains 1 - 7 or a salt

thereof for in vitro nodul ation of cellular protein

19expression. 26R7 is hydrido, N succi ni/) , or
yhmetaen carbenyl swbstitutpdt ok mosdsuhstijutes banrdaxycarlgenyl, and

sub e BT Hng BRI o000, 01256 75 1

yI ) ribt hrsxysedetﬂednyfronsukbqtjnﬂut ed-tartoxaarisomdt i (AH-dlioren-9-
x%_ and 2substituted or non-substituted
@“ R3 ?mny acﬁueat'tutg 2 Qs §gn titytedm i@y carbonyl,

f
S”éﬁtﬁﬂ%ﬁo@%&bﬁﬁﬂ "SGR B don-substtuted il gmiciny!,
1,3bbistybuboyy sablboryy)andislirydt i t ut ed,3ablsy(bexyglakyanpbnyl)amidiny!
dé St |(i§]ut ed or non-substituted al kyl, am dinyl,
racgqalzam 's(t-but oxy-carbonyl)a m di
nyl ,14,i3ablirfker REPrasb RSBy FRPMUIA &M di Nyl 7radi cal ;
and, 8L1 is a |1nker represented by Formula V: 9
1 t(Ql k- k CInI , 10Q2Qm 1 11 12wherein, Formula V
13Q sti puted or non-substituted
h:;H/en\eQ adi cal d 140m i Eomua¥t |y |inked to the
am no radi cal; 15QZ, @/ -., and Qm.i are
i ndependently sel ected from substituted or
16naghsrehsti tuted et hyl ene, oxygen, sul fur, and
substituted or non- 17substituted amino radi cal; and,

18MQs and Qmtasgeubstitigpdier pentsubstituted anethyiene radical, and
Qmﬂgﬁintﬁlyvmd% fRURhidS A5l 20 2112. A conpound of

Q2 Qs .., and Qm1 are independently selected from substituted or
non-substituted methylene, oxygen, sulfur, and substituted or non-
substituted amino radical; and,

m is an integer equal to or larger than 2 but smaller than or equal to

15.

12. A compound of Formula Vil:

«f)\ Aas,
P2 Formula VII

P1 u/\/ \/U\ORa

wherein,

Rs is hydrido, N-succinyl, or substituted or non-substituted alkyl
radical;

P, is selected from hydrido, t-butoxycarbonyl, (9H-fluoren-9-
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P3.. . P4 Pi - NoR8 23H 24 25wherein, 26R8 is

hydri do, N-succinyl, or substituted or non-substituted
W@RMWYI113878 adi cal ; 28P1 is sel ected from hydri dBCT/KR2009/001256

t - but oxycar bonyl, (9Hfluormn-9- WO

2009/ 113828PCT1KR20091001256 79 1yl ) net hoxy- car bonyl

substituted or non-substituted benzyl oxycarbonyl, and

2substituted or non-substituted aryl sul fonyl radi cal ;

is selected fram hydrido, t-butoxycarbony

3P
yl)r(f@%bwuearbﬁng wbywstﬁe@h@&maﬂmwtedsbsgzylpmx@ab@rﬁyl and
{ bstituted
S s R it bst i ut ed
al ky,, & sklagted fromb hydrido, dt butoxycarbonyl b(9H -fluoren-9-
61, 3-
b e IR e Y dited S 5Bea o
suwﬁﬁté@,alﬁ arodf %%ﬁtvtufe%""o?'h’é’r‘i%ﬂb?t‘tuged allﬁ){l gmldlnyl

) met hoxy r bonyl stituted or non-substit

yl
1 3bbl$ﬁtybl¢tw¢icrathmw|)anadm)d.03ubsth 3-bie (bdreayk-pkycarbanylpamidinyl
ra<{| jcal; 11P4 is selected from hydrido, and
Utoxycarbonyl radi cal; and, 12L2 is a |inker

r epregs et eﬁelb&teﬁorfﬂdhﬁ W dﬂiaol4mb>3ﬁ@ﬂ%%)ﬁ V(9R3-fluoren-9-

16wherein and Xf, "are substituted or
Y')mém%béqrbpnvb§UhétIWEdr@r neorsHistituied bearyloxycarbonyl, and

su%gtgfetd ge}&r}g&g}zap ‘?aé'l po radical; 19Qz, Q8/and

ect ed from substituted or

20ndn-is yekictédi fretn m‘gtlhy!bﬁa@d tbutogycarbohyluadicacand,
substi.tuted or non- 2lsubstituted am no radical: and,

221 h2iis adinken repeseniadapy Foraula M:ger than 2 but
smal l er than or equal to 2315. 24 2513. A conpound of

For mul a Vi
W‘{ '~ /{I/ ________ \]\ / Formula V

wherein,

Q1 and Qm are substituted or non-substituted methylene radical, and
Qm is directly linked to the amino radical;

Q2. Q3 .., and Qm-1 are independently selected from substituted or
non-substituted methylene, oxygen, sulfur, and substituted or non-
substituted amino radical; and,

m is an integer equal to or larger than 2 but smaller than or equal to
15.

13. A compound of Formula VIl

N

] NH

<NfL/)\N,L3\
H

P1\”/\/N ORs

P2 Formula Vil
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2009/ 113828PCT/ KR2009/ 001256 80 1wherein, 2R9 is
whyewitdiz2s N-succi nyl, or substituted or non-subSt/KRRE08W01256

al kyl 3radical; 4Pl is selgpted from hydrido,

t - but oxycar bonyl, (9H-fluoren-9- 5yl) et hoxy-carbonyl,

substituted or non-substituted benzyl oxycarbonyl, and

6substituted or non-substituted aryl sul fonyl radical;

7P2 is selected from hydrido, t-butoxycarbonyl,

(9HwWheiginen- 9- 8 yl ) net hoxy- carbonyl , substituted or

tud t.ed ] i .

Al Ko Poky SRS, REAEBTY 6 ARBtured® dho bt htgiruted alky
radadaky| , b_am' di Byl : bonyl ) am di nyl . 1, 3-bi s- (b I

101, 3- hi s(t-but gxy-carbonyl )am dinyl, 1, 3-bi s-(hen -0
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andTemit UGt e B lon bR CEPUIPYFERCE bt I tfuren-o-
yl)rRétheRPQArBERL | sUbastuted hﬂr?%n-@?ﬁ%&ﬁ'ﬂ:teé”'t_fél'leyl_cﬂgﬁ%rbonyl,

substituted or non- 2lsubstituted am no radica o
subzpitnted akkyloxyeaybongluaibstituted ormpersubsutedalkyl, amidinyl,

1.3 4R lon e Ay Rk 1 1 330 b AcH s s DRy R SRes i afidiny
radicaf)erred, n,

L3 is a linker represented by Formula V:

}{Q‘\ /{/ ________ \]\ AGm s Formula V
Q2 Qm-1

wherein,

Q1 and Qm are substituted or non-substituted methylene radical, and
Qm is directly linked to the amino radical;

Q2 Qs, .., and Qm-1 are independently selected from substituted or
non-substituted methylene, oxygen, sulfur, and substituted or non-
substituted amino radical; and,

m is an integer equal to or larger than 2 but smaller than or equal to
15.

14. A compound of Formula IX:

HN-P»
K
J NH

N
| A Formula IX

N "0
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2R10 i s hydroxy, substituted or non-substituted
al kyl oxy, or substituted 3or non-substituted am no
wo asvaadss 4P2 i s sel ected from hydrido, PCT/KR2009/001256
t - but oxycar bonyl, (9Hfluorgn-9- 5
yl) met hoxy- car bonyl, substituted or non-substituted
benzyl oxycar bonyl, 6substituted al kyl oxycar bonyl ,
substituted or non-substituted al kyl, am di nyl,
71, 3- bi s(t-butoxy-carbonyl)am di nyl, 1, 3-bi s- (benzyl oxy
car W¥ASME)Ai di nyl 8radical; and, 9L1 is a |inker

oo, SO P B g

or mon- smmwtedtam\mretéwtadne radi cal, and 15Qmis
no radi cal 162, C23/

directl ked to,the am
andePC ?g "ge?tﬁgepgﬁﬁbn?wﬁ'”ggl edtiOXY IR t Q'ﬂrtﬂé@re” -9-
it hyl.en ul
y”@ﬁ%@‘?@?ﬁ?’?é"‘i‘ SRS Yory fonfubifilied, btz dabony
sulisgrtuted aikwlmtyegsborwd}uahbsttmutad loar mem-substitufed wlkyl, amidinyl,
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radiedrsand,ut ed or non-substituted al kyl oxy, or
substituted 28or non-substituted am no radical;
N, L1 P9 aHivkenirapresented Bp Formula V:P2 i s sel ected from
hydri do, t-butoxycarbonyl, (9H fl uoren-9-
yl ) met hoxy- car bonyl substituted or non-substituted

benzyl 8 cg%/bonw-- ubsit ut ed ycar bonyl ,

subst t:%@:d or non\]silﬂaé’ﬁ t%t ed F%:rﬁ%'ac\)(am di nyl ,

1, 3-bi s(t-butoxy-ca rbonyl)am di nyI ,

1, 3- bi s- (benzyl - oxycar bonyl ) am di nyl 5radi cal ;
wherein,

Q1 and Qn are substituted or non-substituted methylene radical, and
Qm 1s directly linked to the amino radical;

Q2 Qs, ..., and Qm; are independently selected from substituted or
non-substituted methylene, oxygen, sulfur, and substituted or non-
substituted amino radical; and,

m is an integer equal to or larger than 2 but smaller than or equal to
15.

15. A compound of Formula X:

P;. .P
3 N 4
¢ ]
N N/)\N,Lz\
H
Lo

Ry

P2 Formula X

wherein,
R11 is hydroxy, substituted or non-substituted alkyloxy, or substituted

or non-substituted amino radical;
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woaomgiakses i t ut ed benzyl oxycar bonyl ,

P3 is selected from hydrido, t-butoxycarbonyl,
(9H-fl uoren-9- yl)nethoxy-carbonyl, substituted or

benzyl oxycar bonyl radical; P4 is

sel ected from hydrido, and t-butoxycarbonyl radical;
and, 1OL2 is alinker represented by Fornula V:
@11-1.:;srrFormula V wherein, 15Q and Qmnare
substituted or non-substit&@ed met hyl ene radi cal , and

Qnis directly linked to the am no radical; %ﬁ
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non-substi tuted am no radi cal
29b$tl’fuﬁe§ aw/lonyeargenyle gustityted (¥ pan-gelstEWER ai'%u@m'd'nyl

15
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selected fromh t - but oxycar bony

Omethorgrcarhogyl, zy{va’fﬁéieﬁo%yn%rs fe,ﬁwtegstaﬁsgy'ow@gqfn& and

@Qﬁstﬁb*t*éﬁtbefr&'ﬂ@@/c@r@@ﬁ%" aygiar bonyl , 3substituted
al kyl oxycarbo tituted or non- sulP cl IIJt %

al kyl P ase from hy rido, and t-butoxycarbonyl radical; an

41, 3- Qbﬁéhh&&@mm&%y%m@myl 1, 3- bi s- (benzyl -
ycar bonyl ) am di nyl 5radical; and, 6L3 is a linker
represented by Fornmula V: 7 '2, (Q k-k clmsfFornula V

8Q2Qr n< 14 1(P)mhere1 /J./m andF(Qm gne substituted or
non-s%st IQt%It ed rret\ﬁ?/‘?nene tadical, . and 12Qmi s

directly linked to the am no radi cal 13Qz, &/ ...,
and Qm.i_are independently sel ected from substituted
or ﬁ'g}?r%'ﬂbst i tuted nethyl ene, oxygen, sulfur, and
subst |QluarEUQQ.raracsnbstItﬁwdbmmdmm&dmmmmne‘tbwlﬁ@earad@hoﬁnd

Qm is directly linked to the amino radical;

Qz Qs, .., and Qm1 are independently selected from substituted or
non-substituted methylene, oxygen, sulfur, and substituted or non-
substituted amino radical; and,

m is an integer equal to or larger than 2 but smaller than or equal to
15.

16, A compound of Formula XI:

o]

N:{LNH

¢ 1L

P Lo

Nka ﬂspz Formula Xl
0

R12

wherein,
Rz is hydroxy, substituted or non-substituted alkyloxy, or substituted
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16mis an integer equal to or |arger than 2 but
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P, is selected from hydrido, t-butoxycarbonyl, (9H-fluoren-9-
yl)methoxy-carbonyl, substituted or non-substituted benzyloxycarbonyl,
substituted alkyloxycarbonyl, substituted or non-substituted alkyl, amidinyl,
1,3-bis(t-butoxy-carbonyljamidinyl, 1,3-bis-(benzyl-oxycarbonyl)amidinyl
radical; and,

L3 is a linker represented by Formula V:
}{Q‘\Q/{/ ________ \]\Q/Q"‘\ 3 Formula V
2 m-1

wherein,

Q1 and Qpn are substituted or non-substituted methylene radical, and
Qm is directly linked to the amino radical;

Qa2 Q3, .., and Qm1 are independently selected from substituted or
non-substituted methylene, oxygen, sulfur, and substituted or non-
substituted amino radical; and,

m is an integer equal to or larger than 2 but smaller than or equal to
15.



